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9.1 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 concepts covered in this topic.

9.1.1 Introduction
The Earth’s surface is constantly changing. Volcanoes and earthquakes can cause quick changes, but most of
the changes to the Earth’s surface happen slowly. Rocks on and below the surface of the Earth are the records
of these natural events. A geologist is a scientist who learns to read each type of rock, much like reading a
chapter in a book, to discover the chapters of Earth’s history. An important record held in the rocks includes the
evolution of life.

Locked in the limestone rocks of Cerin, France, is a fossil of the Crocodilaemus robustus, an extinct reptile
similar to crocodiles. The rocks suggest that it lived in a near-tropical lagoon environment about 160 million
years ago, long before humans were around. It was a small reptile, only 60 centimetres long, with long back
legs that probably made walking on land easier. The strong plated armour on its abdomen and tail protected it,
but also made it a slower swimmer. If you visit Cerin today, you won’t see a lagoon or a living Crocodileimus
robustus because the Earth’s surface is continually changing and life has evolved with it. The best way to learn
about the past is to look at the rocks, and know the past is a tool to predicting the future.

FIGURE 9.1 Fossil Crocodilaemus robustus that lived 160 million years ago

9.1.2 Think about rocks

1. Which rock is light enough to float on water?
2. Which rocks are formed from the remains of living things?
3. What do butterflies, frogs, werewolves and metamorphic rocks have in common?
4. How do we know what living things that have not existed for millions of years looked like, how they

walked and what they ate?
5. How can whole skeletons of animals be fully preserved for millions of years?
6. What can you learn from a dinosaur footprint?
7. Why did the dinosaurs vanish from the Earth 65 million years ago?
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9.1.3 Science inquiry

Rock types

Rocks are classified as either igneous, sedimentary or metamorphic. Each of these names provides a clue to how
the rocks within the type formed. For example, the word igneous comes from the Latin word ignis, meaning ‘fire’.
That is, these rocks have formed from the cooling and hardening of fiery hot, melted rock. As a class discuss the
following questions.
1. The word sediment comes from the Latin word sedere, meaning ‘settle’, or ‘sit’. What could this imply

about how sedimentary rocks form?
2. The word meta is Greek for ‘change’ and morpho means ‘form’. What could this imply about how

metamorphic rocks form?

Further to your answers above, consider figure 9.2,
which illustrates the distribution of rocks in the crust
(the top layer that averages 6–35 km thick) and
the surface of Earth. In these charts, metamorphic
rocks are included within the rocks that they were
formed from. That is, metamorphic rocks derived from
sedimentary rocks are included in the sedimentary
rock total.

FIGURE 9.2 The distribution of rocks in the crust and
across the surface of Earth

A Crust B SurfaceSedimentary

rock 5%

Sedimentary rock

75%

Igneous rock

95%
Igneous rock

25%

3. Igneous rocks, or metamorphic rocks derived
from igneous rocks, account for 95 per cent of
all rocks in the Earth’s crust; sedimentary rocks
account for 5 per cent. However, when we look
at just the Earth’s surface, sedimentary rocks
make up 75 per cent. What does this tell you
about the nature of igneous and sedimentary rocks?

Bathroom r ocks

When you last used the bathroom, you probably weren’t thinking
about rocks. After all, what does a bathroom have to do with
rocks? But where did the materials to make the shower recess
come from? What about the taps and pipes that deliver the water?
Where do the materials to make tiles come from? And what about
the toothpaste? The answers to all of these questions lead back to
rocks. For example, metals are extracted from rocks and are used
to make the steel taps.

FIGURE 9.3 Taps, tiles, glass and even
mirrors. Where do the materials needed
to produce these come from?

Work in small groups to research and answer the
following questions.
4. What materials are mirrors made from?
5. What metal is primarily used to make bathroom taps?

Where do we get the metal?
6. What are bathroom tiles and the toilet basin made from?
7. List some building materials that are:

a. made directly from rocks
b. not made directly from rocks but can be traced back to rocks.

Resourceseses
Resources

eWorkbook Topic 9 (ewbk-5034)
Student learning matrix (ewbk-5036)
Starter activity (ewbk-5037)

Practical investigation eLogbook Topic 9 (elog-0610)

Access and answer an online Pre-test and receive immediate corrective feedback
and fully worked solutions for all questions.
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9.2 Rocks and minerals
LEARNING INTENTION

At the end of this subtopic you will know what a geological mineral is, that they have unique chemical and
physical properties, and how they differ from rocks.

9.2.1 What’s in a rock?
Firstly, let’s make sure we know what a rock is. To call something a rock, it needs to be a naturally occurring,
coherent collection of minerals, organic material and/or glass.

• Naturally occurring: must be formed by natural process; it is not manufactured
• Coherent: holds together; for example, form cliffs
• Collection of minerals, organic matter and/or glass: some rocks only contain a collection of one type of

mineral, some contain several different minerals, some are entirely made of glass and some are composed
of large volumes of organic matter (for example, coal).

Never confuse rocks and minerals. Minerals are to rocks as letters are to words.

DISCUSSION

Discuss whether these items are considered a rock or not. Be sure you can explain your answer.
• Footpath cement
• Benchtop granite
• Bricks
• Bathroom marble
• Garden soil

How rocks are formed

lithosphere the outermost layer
of the Earth, includes the crust
and uppermost part of the mantle

igneous rock formed when hot,
molten rock cools and hardens
(solidifies)

sedimentary rocks formed
through the deposition and
compaction of layered sediment

metamorphic rocks formed from
another rock that has been under
great heat or pressure (or both)

The rocks we can see have formed in the Earth’s lithosphere (figure 9.4), which includes the Earth’s crust and
the top part of its mantle. Rocks are classified into one of three groups based on how they formed: igneous,
sedimentary or metamophic rocks (table 9.1).

FIGURE 9.4 The rocks we can see have formed in the Earth’s lithosphere.
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TABLE 9.1 The thee types of rocks and how they formed

Igneous rocks Sedimentary rocks Metamorphic rocks
magma a very hot mixture of
molten rock and gases, just below
the Earth’s surface, that has come
from the mantle

If the right temperature and
pressure conditions are
met, rocks can partially
melt into magma.

lava molten rock flowing on the
surface

New rocks are formed
when magma gets close
to the surface and slowly
cools and solidifies.
Some of that red-hot
magma breaks through
the Earth’s crust to form
fiery volcanoes, releasing
lava to cool quickly
on the surface or even
underwater.

weathering the physical or
chemical break down of rocks
on the surface

When rocks are exposed on
the surface, the presence of
water, air and life help to both
physically and chemically
break them down. This is
called weathering.

erosion the wearing away and
removal of soil and rock by
natural elements, such as wind,
waves, rivers and ice, and by
human activity

deposition the settling of
transported sediments

sediment material broken down
by weathering and erosion that
is moved by wind or water and
collects in layers

New rocks can form as
erosion and deposition
create layers of sediments;
this can include the remains
of living things that are
hardened by compaction
as more and more layers of
sediment are added.

Rocks can be buried
to great depths, where
the higher temperatures
(greater than 200 °C) and
pressures can cause the
rock to change form.

Both the mineral type and
appearance can change.
The change happens in the
solid state; meaning there
is no melting.

We can see these rocks
because they get brought
back up to the surface.

9.2.2 Minerals
FIGURE 9.5 Quartz is one of the most
common minerals in the Earth’s crust.Most rocks are made up of substances called minerals.

A mineral is any naturally occurring solid substance with a
definite chemical composition and crystal structure.

Chemical composition

mineral a naturally occurring,
inorganic and solid substance
with a defined chemical formula
and an ordered arrangement of
atoms
native elements elements found
uncombined in the Earth’s crust

Elements found naturally in their uncombined, pure form
are also minerals. These elements, called native elements,
include diamonds (pure carbon) and gold.

compounds two or more atoms
or ions of different elements
joined (bonded) together

Most minerals in rocks are compounds, where one or more
elements bond together. For example, the mineral calcite is
the combination of one calcium (Ca), one carbon (C) and
three oxygen atoms (O) to make calcium carbonate
(CaCO3). Calcite is the primary mineral found in the
rock’s limestone and marble.

silicates group of minerals
consisting primarily of
SiO4

2− combined with metal ions,
forming a major component of the
rocks in the Earth’s crust

The most common group of minerals is the silicates, in which elements bond to
oxygen (O) and silicon (Si). This is because oxygen and silicon are the most
abundant elements in the Earth’s crust. The mineral quartz (figure 9.5) is a simple
silicate (SiO2); whereas, clay is a complex silicate (Al4Si4O10(OH)8).

Wherever you go, a specific type of mineral will have the same chemical
composition. The colours and shapes may change a little, which tells us
more about how they were formed and provides clues about the past.

Crystal structure

crystal geometrically-shaped
substance made up of atoms
and molecules arranged in one
of seven different shapes. The
elements that make up a crystal
and the conditions present during
the crystal’s growth determine
the arrangement of atoms and
molecules and the shape of the
crystals.

The elemental atoms that join to form minerals create regular geometric shapes
called crystals. The crystal shape reflects the organisation of the atoms inside.
The physical environment around them can also impact the crystal structure,
where additional pressure or compaction will force the structure to be more
closely packed.

The size of crystals depends on how fast they form and how much space is
available. If a crystal forms quickly, do you think it would be smaller or bigger?
Smaller, because it had less time to grow.
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The quartz crystals in figure 9.5 have had a lot of time and space to grow. Quartz, one of the most common
minerals, consists of hexagonal-shaped crystals of silicon dioxide (SiO2) that make it look like a six-sided
column with a six-sided pyramid at both ends.

EXTENSION: Are diamonds forever?

Although graphite (which can be found in some of your pencils) and diamonds are both minerals with pure carbon
as their chemical composition, they are physically very different. Graphite is soft enough to leave behind traces
when rubbed on paper, and diamonds are the hardest minerals on Earth. In fact, diamonds are so hard they are
used to drill into rocks.

If they are made of the same element why do they display such different properties? They formed under different
pressure conditions. To get the crystal structure of a natural diamond, carbon crystals have to form under
pressures that are only reached deeper than 150 km into the Earth. This is one of the reasons they are so rare
here on the surface. The bad news is that at the surface where the pressure is much less, diamonds are slowly
changing back to graphite — very, very slowly.

FIGURE 9.6 Natural graphite form FIGURE 9.7 Faceted diamond, created by
grinding a diamond on a spinning lap

Resourceseses
Resources

Interactivity Crystals (int-5338)

Weblink Mexico giant crystal cave

DISCUSSION

Is table salt a mineral? Think carefully about your answer and suggest reasons for and against classifying it as a
mineral. How about ice that forms on car windows during a freezing winter night?

Identifying minerals
Although colour might seem to be the quickest way to identify a mineral, it is not reliable. Many different
minerals have similar colours. Some samples of the same mineral can have different colours due to small
impurities. For example, quartz can be colourless like glass, or may be pink, violet, brown, black, yellow, white
or green. Therefore, we must use a combination of properties to identify minerals.
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Additional mineral properties include the following. lustre appearance of a mineral
caused by the way it reflects light.
A mineral can appear glassy,
waxy, metallic, dull, pearly, silky

streak colour of a mineral as a
fine powder, found by rubbing it
onto an unglazed white ceramic
tile

hardness a measure of how
difficult it is to scratch the surface
of a solid material, hardness can
be ranked using Moh’s scale

• The lustre of a mineral describes the way that it reflects light. Minerals
could be described as metallic or non-metallic, with non-metallic expanding
with options such as dull, pearly, waxy, silky or glassy.

• The streak is the colour of a powdery mark left by a mineral when it is
scraped across a hard surface, such as an unglazed white ceramic tile.

• The hardness of a mineral can be determined by trying to scratch one
mineral with another. The harder mineral leaves a scratch on the softer
mineral.

Minerals generally have no ’fingerprint’ or single property that sets them apart from others; therefore, we tell them
apart by identifying a combination of physical properties.

Friedrich Mohs’ scale of hardness is a numbered list of ten minerals ranked in order of hardness. Higher
numbers correspond to harder minerals. The hardness of a mineral is determined by comparing it with the
minerals or common materials in the Mohs’ scale. For example, a mineral that can be scratched by quartz but
not by orthoclase has a hardness between 6 and 7.

Figure 9.8 shows that some more common materials can also be used to determine the hardness of a mineral.

FIGURE 9.8 Moh’s scale for testing the hardness of minerals

Mohs’ scale of hardness Common materials

Talc

Gypsum

Calcite

Fluorite

Apatite

Orthoclase

Quartz

Topaz

Corundum

Diamond

1

2

3

4

5

6

7

8

9

10

Softest

Hardest

Soft grey lead pencil point

Fingernail

Copper coin

Iron nail

Sandpaper

elog-0612

INVESTIGATION 9.1

Identifying mineral properties

Aim

To observe the properties of a range of minerals

Materials

• mineral kit
• common materials to substitute for unavailable Mohs’ scale minerals
• hand lens
• white ceramic tile
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Method

1. Construct a table like the one in the results section to record your observations as you work through
the following steps for each mineral.

2. Write down the mineral name and describe the colour and lustre.
3. Use the magnifying glass to look closely at the mineral and describe the shape and size of its crystal(s).
4. Scrape the mineral across the unglazed side of a white ceramic tile. Record the colour of the streak.
5. Use Mohs’ scale minerals or the common materials (figure 9.8) to estimate the hardness of the mineral

by trying to scratch it. An approximate range, such as 5–6, is sufficiently accurate.

Results

Complete your table for each mineral to present your results. Remember to add a title to your table.

Mineral Colour Lustre Crystal shape and size Streak Hardness

Discussion

1. How similar were some of your minerals? Note two minerals that were close but had one or two
different properties.

2. Other than those already described, what additional properties of minerals could be used to identify
them?

3. If two unlabelled mineral samples have the same colour and lustre, can you be sure that they are the
same mineral? Explain how you would find out.

Conclusion

What can you conclude about the properties across a range of minerals?

Resourceseses
Resources

eWorkbook Identifying and classifying minerals (ewbk-5023)

Additional automatically marked questions

9.2 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, 6, 9

LEVEL 2
Questions
3, 4, 7, 10, 14

LEVEL 3
Questions
5, 8, 11, 12, 13

Remember and understand

1. Rocks are naturally forming, coherent combinations of what potential three substances?
2. In which part of the Earth are most of the rocks we see formed?
3. List the three ways in which rocks can form.
4. What is a mineral?
5. What is a native element? List two examples.
6. What is the largest group of minerals called and what are they based on?
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7. What is the approximate hardness on Mohs’ scale (to the nearest whole number) of a mineral that can
be scratched by sandpaper but not by an iron nail?

8. List at least five properties that you could observe to help you identify an unknown mineral.

Apply and analyse

9. Explain the difference between a rock and a mineral.
10. A mineral can be scratched by a copper coin but not by a fingernail. You know that the mineral is

quartz, fluorite or calcite. Which is it?
11. You have two samples, each of a different mineral, but no other equipment to test them for hardness.

How could you tell which mineral is harder?
12. You have found a rock with tiny minerals in it and you would like to identify them. How could you go

about testing the physical properties to help you identify the mineral?

Evaluate and create

13. SIS A geologist has been hired to find some haematite iron ore. They are walking the field in search of
it and find lots of rocks. In order to determine whether or not the rocks contain haematite, they look for
a sample with a dark colour and metallic lustre. They then pick up the sample to see how heavy it is. If
it is dark coloured with a steel grey metallic lustre, and very heavy, they call it haematite.
a. Reflect on the method the geologist used to identify the mineral. Is anything missing?
b. How reliable is their claim that the sample contains haematite?
c. What could you do to improve the conclusion?

14. SIS Find out how crystals can be artificially grown and then grow a crystal garden.

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

9.3 Mining for metals

LEARNING INTENTION

At the end of this subtopic you will understand that minerals containing metals can be mined from the Earth’s
surface but that this process relies on many steps that involve knowledge of the geology, the environmental
impact of the mining activity, processing of the ore and rehabilitation once the mining is complete.

SCIENCE AS A HUMAN ENDEAVOUR: Mining minerals in Australia

FIGURE 9.9 The elements in the Earth’s crust. The metal
elements are relatively rare compared with oxygen and
silicon.

Sodium (3%)

Calcium (4%)

Aluminium

(8%)

Oxygen

(46%)

Silicon

(27%)

Other (2%)

Magnesium (2%)

Iron (5%)

Potassium (3%)

Metals play an important part in our lives every
day. The phone you use to chat with your friends
has several metal components, wires and lithium
batteries. You use metal cutlery to eat food. The
bus, car, bike or scooter you rode to school is
made from metal.

The metal elements used to make these things
are found in minerals within rocks in the Earth’s
crust. The pie chart in figure 9.9 shows that
almost three-quarters of the Earth’s crust (by
weight) is made up of the non-metals oxygen
and silicon. Most of the metal elements combine
with other elements to form compounds. They
commonly combine with oxygen, silicon or other
non-metals, like sulfur.
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Minerals containing metals of value that can be extracted for profit are called ore minerals. It takes a lot of time,
effort and money to get the rocks that contain the ore minerals out of the ground, separate the ore from the waste
rock and extract the metal element from the ore mineral. The mining of an ore can take place only if enough of it
is found concentrated at a single location. This makes the potential of finding ore very different from one place to
another.

ore mineral a mineral from which
a valuable metal can be removed
for profit

mining the process of removing
natural resources from the Earth

The mining industry makes a major contribution to Australia’s economy. Apart from the profits that go to
shareholders in mining companies and to the government in taxes, the mining industry employs many thousands
of Australians. Scientists and engineers are involved at every stage of the mining process.

Mineral exploration

Finding minerals below the Earth’s surface, where you can’t see them, is an expensive business. Geologists
use their knowledge of sediments, rocks and minerals, and the clues they provide, to help them predict where
precious ores are likely to be found.

Geologists make use of satellites equipped with cameras, radar and other sensors to search for geological
features that are likely to contain high concentrations of ores. The magnetic properties of large bodies of rocks
containing some minerals, like haematite iron ore, can be detected from aircraft or by geological surveyors on the
ground.

Minerals in the crust breakdown in rain and running water, and get washed into creeks and rivers. A chemical
analysis of the soils, sediments and surface water of lakes and streams can provide evidence of the presence of
minerals in the area. Samples of soil and rocks are taken using portable equipment.

On average, only one in one thousand sites that are sampled is eventually mined.

If there is sufficient evidence of useful mineral deposits that might be worth mining, a licence must be obtained
before any clearing is done or heavy drilling equipment is brought in. Helicopters are sometimes used to bring in
heavy equipment to protect sensitive ecosystems. The drilling allows mining companies to have a very detailed
examination of what lies beneath the surface. Mining companies are required by law to clean up exploration drill
sites and ensure they are left as they were found.

You can’t start until …

environmental impact
statement (EIS) study of the
possible effects of a planned
project on the environment

rehabilitated restored to its
previous condition

In the past, mining was often carried out without considering its long-term effect on the environment and the
people who lived and worked in the area. Today, however, an environmental impact statement (EIS) must
be prepared before a mining operation can commence. An EIS outlines how the mining company intends to
manage all environmental aspects of the proposed mine. It also outlines how the land will be rehabilitated or
reconstructed, so that it can be used again after the mining is completed.

The environmental impact statement, along with any other relevant information, is studied by the government
before permission to proceed is granted.

The EIS reports on:
• existing flora, fauna and soils
• existing towns and roads in the area
• proposed new towns, roads and other developments
• how the new development might affect the local community and environment
• alternative plans to complete the development that might have less impact

on the environment
• measures that will be put in place to monitor and control air, water and noise

pollution during the project and while rehabilitation is undertaken
• rehabilitation proposals for the area.

Taking out the ore mineral overburden waste rock removed
from below the topsoil. This
rock is replaced when the area
is restored.

open-cut mining mining that
scours out soil and rocks on the
surface of the land

To obtain ore from the ground, it is often necessary to remove large amounts of
rocks and soil. The way this is done depends on how close the ore deposit is to the
surface. If it is close to the surface, first the vegetation and topsoil are removed.
Then waste rock from beneath the topsoil, called overburden, is removed.
The removed topsoil and overburden are used to fill areas that have already
been mined, or are left in a pile to restore the newly mined area when mining is
completed. This method of mining is called open-cut mining.
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underground mining mining
that uses shafts and tunnels to
remove rock from deep below the
surface

If the ore deposits are deep below the surface, miners use underground mining.
This mining method is more dangerous and expensive than open-cut mining.
Shafts and tunnels are dug up to four kilometres into the ground to reach the
rocks containing the ore. The development of open-cut and underground mining is
overseen by mining engineers.

Getting the metal

Obtaining the metal element takes place in two stages:
1. Mineral extraction separates the ore mineral from the rock taken from the ground. This involves

crushing, grinding and washing the rock to separate the wanted minerals from the unwanted waste
rock.

2. Metal extraction separates the desired metal element from the ore mineral. This always involves
chemical reactions. The nature of these reactions depends on a number of factors, including the
chemical composition of the ore mineral. Chemical engineers and metallurgists are involved in the
design of this process.

Rehabilitation
FIGURE 9.10 Resurfacing and replanting a
former open-cut iron mine on Koolan Island,
Western AustraliaBefore mining of a new site begins, seeds of the natural

vegetation of the area are collected so that seedlings can
be cultivated at a later stage. The seedlings are grown in
special nurseries until they are mature enough to return to
the site of the mine.

During open-cut mining, the overburden (the material
removed from the site to expose the mineral ore or coal)
is used to fill holes left from earlier stages of the mining
operation. Fresh topsoil is used to cover the overburden
to ensure that new vegetation will grow. The soil surface is
shaped to fit in with the surroundings, fertilised and sown
with seeds or planted with seedlings. Care is taken to
shape the new surface to prevent the newly sown soil from
being eroded or washed away by wind or rain.

DISCUSSION

In a small group, discuss and list:
a. the factors a mining company should consider when it decides whether or not to start a mining project
b. the different tasks that scientists and engineers might perform from the beginning of mining exploration

until mining rehabilitation is complete
c. some advantages to mining
d. some disadvantages to mining.

Compare the lists of your group with those of others in your class. Finally, debate as a class whether or not
Australia should continue to mine.

elog-0613

INVESTIGATION 9.2

Searching without disturbing

Aim

To model the search for minerals below the ground

Materials

• a tray of sand
• 10 paperclips
• blindfold (optional)

• compass
• paper and clipboard-ruler

TOPIC 9 Sedimentary, igneous and metamorphic rocks 505

UNCORRECTED PAGE PROOFS

UNCORRECTED PAGE PROOFS



“c09Rocks_PrintPDF” — 2020/8/11 — 22:00 — page 506 — #12

Method

1. Find a partner. Each of you should then draw identical maps of the sand tray. Use a ruler to construct
a grid on each map. Label the grids across the top and down the side (e.g. A–J across the top, 1–15
down the side). Each grid should consist of at least 100 equal-sized rectangles or squares.

2. Without showing your partner, hide the paperclips in the tray of sand and mark the location of the 10
clips on your map.

3. Your partner’s task is to locate the 10 paperclips and mark them on the map without disturbing the
sand. You might wish to set a time limit.

4. Swap roles and repeat the steps above.

Results

1. What property of the paperclips allowed them to be located?
2. Record where and how many you found onto your grid map.

Discussion

1. How could your predictions of the location be checked with a pencil?
2. What was your success rate?
3. After checking, can the sand be restored to its initial condition?

Conclusion

What can you conclude about searching for hidden metals?

Resourceseses
Resources

Additional automatically marked questions

9.3 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, 5, 8

LEVEL 2
Questions
3, 6, 9, 10

LEVEL 3
Questions
4, 7, 11

Remember and understand

1. Where are ore minerals found?
2. Where in the Earth’s crust are the metal elements found?
3. Describe the method of open-cut mining for removing mineral ores from the ground.
4. Outline the two stages involved in obtaining a metal element from rock.
5. What is an EIS?
6. Outline the information that is included in an EIS.
7. How do mining companies rehabilitate the land used for mining?
8. Explain why it is important to recycle metals as much as possible.

Apply and analyse

9. The most common element in the Earth’s crust is oxygen. This element is a gas except at extremely low
temperatures. In what form is oxygen found in the Earth’s crust?
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Evaluate and create

10. In a table like the one provided, make a list of the benefits and disadvantages of mining.

TABLE Benefits and disadvantages of mining

Benefits Disadvantages

11. Discuss reasons for and against allowing mining to take place in Australia’s national parks.

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

9.4 Igneous — the ‘hot’ rocks

LEARNING INTENTION

At the end of this subtopic you will understand the type of environments that igneous rocks form in and how they
can be classified according to their composition and texture.

9.4.1 Melting rock

magma a very hot mixture of
molten rock and gases, just below
the Earth’s surface, that has come
from the mantle

lava molten rock flowing on the
surface

There are places around the Earth where physical conditions allow rocks to
partially melt deep underground. The molten rock underground is called magma,
and it rises slowly towards the surface. If the magma breaks through and flows
onto the surface it is then called lava. Rocks that form from the cooling of magma
below the surface or lava on the surface are called igneous rocks.

The appearance of all igneous rocks depends on two major factors:
1. how quickly the lava or magma cooled
2. what substances it is made of.

WHAT DOES IT MEAN?

The word igneous comes from the Latin word ignis, meaning ‘fire’. The words ignite and ignition also come from
the same Latin word.

EXTENSION: Is the interior of the Earth all liquid?

At the Earth’s surface, rock begins to melt when heated between 800 and 1000 °C, and will be completely
melted at about 1200 °C. However, if you put a rock under pressure, it becomes stronger and requires a higher
temperature to melt. This is why the interior of the Earth is mostly hot solid material and not all molten rock,
despite the fact that temperatures of greater than 1000 °C exist.

The physical conditions required to melt rock would be:
1. adding so much heat that it overcomes the pressure
2. releasing pressure from a hot rock
3. adding fluids, like water.

Releasing pressure and adding fluids lower the melting temperature. Magma is generated only where one or more
of these conditions are met.

TOPIC 9 Sedimentary, igneous and metamorphic rocks 507

UNCORRECTED PAGE PROOFS

UNCORRECTED PAGE PROOFS



“c09Rocks_PrintPDF” — 2020/8/11 — 22:00 — page 508 — #14

9.4.2 Extrusive rocks
Lava is released from erupting volcanoes at temperatures of 1000 °C or more. At that temperature, flowing lava
could take hours to weeks to cool down and become solid rock. However, if lava is ejected into the air from
explosive volcanoes it cools almost instantly. The lava erupting from underwater volcanoes on the ocean floor
also cools quickly.

extrusive igneous rock that forms
when lava cools above the Earth’s
surface

basalt a dark, igneous rock with
small crystals formed by fast
cooling of hot lava. It sometimes
has holes that once contained
volcanic gases.

Igneous rocks that form from the cooling of red-hot lava above the Earth’s surface are classified as extrusive.
Igneous rocks that form from lava spilling from underwater volcanoes are also classified as extrusive rocks.
Features of extrusive rocks are summarised in table 9.2.

FIGURE 9.11 Red-hot lava flowing on the surface. The
cooling of lava causes a crust to form that can shift with
the continued movement of underlying lava, creating a
ropey look.

TABLE 9.2 Features of extrusive igneous rocks

Crystal size Rock colour

The size of crystals in extrusive igneous rocks is
generally very small because of how fast the lava
cools. When it cools quickly, there is not enough time
for large crystals to form.

Colours range from black to grey, white or even red.
The colour reflects the types of minerals that have
formed.
Generally, the dark rocks are rich in iron (Fe) and
magnesium (Mg) minerals.
The lighter coloured rocks contain more minerals that
are richer in silicon (Si).

Basalt and rhyolite

FIGURE 9.12 When basalt flows cool, they
can form hexagonal columns.

Basalt is a common extrusive rock that is dark coloured
with small mineral crystals. You may be able to see some
of the small crystals, but most require a magnifying tool.
If basalt forms from lava cooling in cold ocean water,
the crystals will be even smaller and only visible under a
microscope. Why do you think that is so?

When rocks are heated up they expand, and when they cool
down they contract (shrink). The basalt in figure 9.12 (and
in the image opening this topic) formed from a cooling
basalt lava flow. During cooling, the new rock contracts and
this can form vertical columns of basalt. Beware of these
columns on a cliff, as they can topple over.
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Rhyolite is another common extrusive rock. It also has generally small crystals, but, unlike basalt, it is light
coloured. The lighter colour means it has more silica-rich minerals. More silica-rich minerals makes the lava
sticky and harder to flow — a term called viscosity. A good example of different viscosities is honey verses
water. Water flows over a table easily (low viscosity), but honey poured over the same table will move a lot
slower (high viscosity). Because the rhyolite lava is viscous, it does not travel far from the volcano. Basalt has
a lower viscosity and can flow further from a volcano.

FIGURE 9.13 Rhyolite is an extrusive igneous rock that is light
coloured.

rhyolite a light-coloured extrusive
igneous rock with a similar
mineral composition to granite
but with smaller crystals

viscosity a measure of a fluid’s
resistance to flow

Scoria, pumice and obsidian

scoria a dark, igneous rock
formed from basalt lava that cools
quickly and full of holes that once
contained gas

pumice a glassy, pale igneous
rock that forms when frothy
rhyolite lava cools in the air.
Pumice often floats on water
as it is very light and full of holes
that once contained gas.

Some violent volcanic eruptions shoot out lava filled with gas. The lava cools very quickly while it is still in
the air and traps the gas inside. Rocks that form this way are full of holes from where the gas was trapped. Two
examples of this type of rock are scoria and pumice.

TABLE 9.3 Features of explosive igneous rocks

Scoria Pumice
Scoria is a dark (black, reddish-brown, or grey)
volcanic rock full of holes. The darker colour is
because it contains more iron. It is usually found
closer to the volcano’s crater.

Pumice is a pale-coloured volcanic rock. It is very light
because it is mostly made of glass and full of holes.
Pumice floats on water and sometimes washes up on
beaches.
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FIGURE 9.14 The glassy extrusive
igneous rock called obsidian

Obsidian is a smooth, black rock that looks like glass because
it is a natural volcanic glass. It is formed when silica-rich lava
cools almost instantly. Glass is not a mineral because, as it cools
so quickly, it does not have a crystal structure.

obsidian a black, glassy rock that
breaks into pieces with smooth
shell-like surfaces

Although obsidian is usually dark in colour like basalt,
obsidian is extremely rich in silica and mostly glass,
like pumice. Its dark colour is due to a high amount of
impurities caught in the glass.

Resourceseses
Resources

Video eLesson Volcanoes (eles-0130)

9.4.3 Intrusive rocks

intrusive igneous rock that forms
when magma cools below the
Earth’s surface

batholith intrusive rock mass
that measures more than 100
kilometres across

Igneous rocks can also form as magma cools 5–30 kilometres below the surface of the
Earth. Those that form below the surface are called intrusive. They cool very slowly
(thousands of years or more) and become visible only when the rocks and soil above
them are removed by erosion. Intrusive rocks (sometimes called plutonic rocks) have
larger crystals than extrusive rocks because the crystals had more time to grow. Large
bodies of intrusive rock are called batholiths; they can stretch over distances of up to
100 kilometres.

FIGURE 9.15 Igneous rocks can form below or above the Earth’s surface. Where they form will determine the
speed of cooling and thus the crystal size.

Extrusive rock forms from lava

that cools quickly above the surface.

Earth’s surface

Intrusive rock forms

from magma that cools

slowly below the surface.
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int-5337
FIGURE 9.16 If a batholith is exposed to the environment, it will start to wear away along the cracks, which can
leave large rounded boulders balancing on the surface. Over time, the batholith may break down completely. The
breakdown of rocks is called weathering.

3. 4.1. 2.

Granite and gabbro granite a light-coloured intrusive
igneous rock with mineral crystals
large enough to see

gabbro a dark-coloured intrusive
igneous rock with a similar
mineral composition to basalt
but with larger crystals

Two common intrusive igneous rocks are granite and gabbro. The crystals in
both form over long periods of time and grow large enough to be easily seen
without magnification. Being able to see the individual crystals makes it easier
to identify the type of minerals present.

TABLE 9.4 Features of intrusive igneous rocks

Granite Gabbro

Granite is a light-coloured intrusive rock with silica-rich
minerals. The crystals found in granite are a mixture of
white, pink, clear to grey, and black minerals. These are
(in order of most abundant to least):

• feldspar (white and pink)
• quartz (clear to grey)
• mica (black).

Gabbro is a dark-coloured intrusive rock with minerals
rich in iron (Fe) and magnesium (Mg). It looks mostly
black, but if you look close enough, you will see some
white and green. These are (in order of most abundant
to least):

• pyroxene (black)
• feldspar (white)
• olivine (green).
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INVESTIGATION 9.3

Does fast cooling make a difference?

Aim

To investigate the effect of the cooling rate on the size of crystals

Materials

• freshly made saturated solution of potassium nitrate
• potassium nitrate
• spatula
• 250 mL beaker
• 3 test tubes and test-tube rack
• test-tube holder
• Bunsen burner, heatproof mat and matches
• crushed ice
• safety glasses
• hand lens

CAUTION

Safety glasses must be worn during this experiment.

Method

1. Half-fill a beaker with crushed ice.
2. Quarter-fill a clean test tube with saturated potassium nitrate solution. Add a spatula of potassium

nitrate.
3. Gently heat the solution over a Bunsen burner flame until the added potassium nitrate has dissolved

or until the solution starts to boil.
4. Pour half the warm solution into one clean test tube, and then the remaining half into another.
5. Place one test tube in the beaker of crushed ice and the other test tube in the rack to cool.
6. When crystals have formed in each test tube, examine them with a hand lens.
7. Cool one solution quickly and the other one slowly.

Crushed ice

Potassium

nitrate solution

Results

1. Draw a labelled diagram of some crystals in each test tube, concentrating on their shape and size.
2. Which test tube contained the larger crystals: the one that cooled quickly or the one that cooled

slowly?

Discussion

1. Which type of igneous rock would you expect to have the larger crystals: those that cool slowly
underground or those that cool quickly on the surface?

2. Why do safety glasses need to be worn during this experiment?

Conclusion

What can you conclude about cooling rates and crystal size?
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9.4.4 Useful igneous rocks
Igneous rocks can sometimes host valuable ore minerals but they are also used
in several other ways, as summarised in table 9.5.

TABLE 9.5 Uses of igneous rocks

Igneous rocks Example of modern uses

Basalt Blocks have been used as a decorative building material. It is also commonly
crushed and used for road base, asphalt and concrete.

Scoria A reddish-brown or grey rock that can be crushed and used in garden paths or as a
drainage material around pipes.

Pumice Powdered pumice is used in some abrasive cleaning products.

abrasive a property of a material
or substance that easily scratches
another

Granite and gabbro Commonly used in building due to their strength and beauty. Granite or gabbro
that has been polished to give it a glossy finish are also used for grave headstones,
benchtops and statues or other monuments.

DISCUSSION

Locate a building, statue or memorial in your area that is made from granite. Describe the granite in the structure,
and suggest why it was the chosen material.

SCIENCE AS A HUMAN ENDEAVOUR: Renewable geothermal energy in Australia

geothermal energy using heat
from the Earth as a energy source

Geothermal energy is heat contained within the Earth. Australia has great potential
for geothermal energy to be used for generating electricity (figure 9.17). Geoscience
Australia has calculated that there is sufficient energy contained within the
Australian crust around hot rock systems, that if only one per cent of the resource
were used, it would provide 26 000 years worth of electricity.

FIGURE 9.17 How heat from the Earth can be used to generate electricity

1.   Hot water is pumped from deep underground through a well under

     high pressure.

2.  When the water reaches the surface, the pressure is dropped,

     which causes the water to turn into steam.

3.  The steam spins a turbine, which is connected to a generator that

     produces electricity.

4.  The steam cools off in a cooling tower and condenses back to

     water.

5.  The cooled water is pumped back into the Earth to begin the

     process again.
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The hot rock systems in Australia
are normally associated with bodies
of granite rock at 3–5 kilometres
depth, which contain unusually
high concentrations of the naturally
radioactive elements uranium (U),
thorium (Th) and potassium (K). The
radioactive decay of these elements
generates heat that is insulated by the
rocks above them. Figure 9.18 is a
model of the temperature of the crust
at 5 kilometres depth.. The thicker
the insulating layer, the hotter the
temperature. For the system to be
complete as a geothermal energy
source, there also needs to be a fluid
circulating through the rock above to
transport heat to the surface.

While significant hot rock systems
have been identified, there is no
present commercial production of
geothermal energy in Australia.

FIGURE 9.18 Modelled crustal temperature at 5 kilometres depth

• How would exploration be conducted to find these hot rock systems?
• According to the modelled crustal temperatures at 5 kilometres depth, where are the potential

‘hot rock’ systems?
• What sort of challenges are limiting access to this substantial renewable energy source?

Resourceseses
Resources

eWorkbook Igneous rocks (ewbk-5024)

Additional automatically marked questions

9.4 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, 2, 3, 4

LEVEL 2
Questions
5, 6, 7, 8

LEVEL 3
Questions
9, 10, 11, 12

Remember and understand

1. How do igneous rocks form?
2. Distinguish between the ways extrusive and intrusive igneous rocks are formed.
3. What do the varying colours of igneous rocks represent?
4. What causes the frothy (holey) appearance of pumice and scoria?
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5. Label the three minerals found in granite.

A.

B.

C.

6. Describe two major differences between the appearance of granite and basalt.

Apply and analyse

7. Why are the crystals in basalt that formed under water smaller than those in basalt that formed on
the ground?

8. Batholiths form well below the ground. Explain how they become visible on the Earth’s surface.
9. Explain how you would decide that an igneous rock formed from a volcanic eruption.

10. Rhyolite is an extrusive rock that contains the same minerals as granite. In what ways would you
expect it to be different from granite?

Evaluate and create

11. SIS Geologists like to use classification tables to identify relationships between different rock types
and their properties.

TABLE Rock classification table

Silica rich Iron and magnesium rich

Extrusive

Intrusive

a. Complete this igneous-rock classification table by adding the names: basalt, granite, rhyolite and
gabbro into their proper locations.

b. Where would scoria, pumice and obsidian go?
c. What could you add to your table to include these rocks and identify what makes them different?

12. If you came across an igneous rock that had a mixture of large crystals surrounded by small crystals,
suggest how it may have formed.

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

9.5 Sedimentary — the ‘deposited’ rocks

LEARNING INTENTION

At the end of this subtopic you will understand how sedimentary rocks are formed and classified, and that they
form in layers that record time and changes to the Earth’s surface.

9.5.1 Weathered, eroded, deposited and lithified

erosion the wearing away and
removal of soil and rock by
natural elements, such as wind,
waves, rivers and ice, and by
human activity

Rocks that are formed from weathered, eroded, deposited and lithified sediments are
called sedimentary rocks. Each of these processes are described below.

• Rocks exposed on the surface are physically or chemically broken down by
weathering as the rocks are exposed to the atmosphere, water and living things.

• The weathered particles are then transported by wind, running water, waves
or flowing glacial ice as sediment. This process is called erosion.
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lithify to transform sediment into
rock

• When the agents of erosion slow down or stop moving, their capacity to transport sediments reduces and
the sediments settle onto the surface. This settling is called deposition. Deposits of dead plants and animals
are also sediments.

• Sediments will deposit one on top of another, which creates layers, or beds. As beds continue to deposit,
the individual sediments are packed closer together by compaction. Water can also seep around the
sediment and leave behind newly formed mineral crystals that cement the sediment together. Compaction
and cementation help to lithify the beds into rock (figure 9.19).

FIGURE 9.19 Lithify — turning sediments into rock

Sediments are laid down 

by ice, wind or water, in 

horizontal layers called 

beds.

Within each bed, the 

sediment grains are 

squashed together so that 

they are in close contact.

Water seeps in between the 

grains, bringing with it many 

dissolved chemicals.

When the water evaporates, 

these chemicals are left 

behind as crystals around 

the edges of the grains. 

These crystals cement the 

grains of sediment together 

to form rock.

1

2

3

4

Deposition environments
Sand deposited by the wind forms sand dunes, especially in coastal areas where sand is picked up and blown
inland until it is stopped by obstacles such as rock or vegetation.

deltas a landform created by the
deposition of sediment at the end
of a river as it enters a body of
water

A fast-moving river is likely to carry with it sand, gravel and smaller particles. As it
slows down on its path to the sea, the river loses energy and will deposit along the
river channel. The larger particles, such as gravel and sand, settle first. By the time the
river reaches the sea, it is usually travelling so slowly that the very fine silt
and mud particles begin to settle to help form deltas.

floodplain flat, open land beside
a river where sediments are
deposited during floods

During floods when rivers break out of their channels, sediments are deposited on
flat, open land alongside the river. These plains are called floodplains.
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glaciers large bodies of ice that
move down slopes and push
boulders, rocks and gravel

moraine a long hill made out of
sediments deposited by a glacier

In the coldest regions of the Earth, especially at high altitudes, bodies of ice called
glaciers slowly make their way down slopes. They generally move between
several centimetres and several metres each day. Being solid, glaciers can push
boulders, rocks, gravel and smaller particles down the slope. As the glacier melts it
can deposit these sediments to form long hills along the margins of the glacier.
These long hills are called moraines.

int-5339

FIGURE 9.20 Most sedimentary rocks are formed from weathered rock that has been transported and deposited
by moving water (rivers and ocean).

1. Fast-flowing water can move sand, soil and even big rocks over long distances.

    All creeks and rivers flow to the sea or to inland lakes, but by the time

    they reach the seas or lakes, the water flows much more slowly.

2. As the water slows down, the bigger rocks are deposited.

3. By the end of the river’s journey, all but very fine (small) sediments have

    been deposited.

4. A lot of the sediment along coastlines have been supplied by rivers and 

    redistributed (moved around) by waves.

5. Ocean waves can wear away the rocks that make up cliff faces. The waves

    pound rocks, smashing them into smaller and smaller pieces to produce

    more local sediments.

6. Sand is picked up by currents in the waves along one beach and

    deposited on other beaches.

7. Strong winds have enough energy to pick up sand and carry it inland. 1

2

3

5

4

6

7
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DISCUSSION

A common and fun activity on a warm summer day or weekend is to go to the beach, but where does all that
sand come from? Is it a deposition environment? As a class, or in small groups, discuss where you think the
sediment on beaches comes from. Consider if all beaches have the same size and type of sediment.

9.5.2 Clastic sedimentary rocks
Types of sedimentary rocks are classified by their grain size. The most common type are clastic sedimentary
rocks, which are made of fragments/sediments of weathered and eroded pre-existing rocks. These fragments are
known as clasts.

TABLE 9.6 Names of sedimentary rocks are based on their grain size.

Sediment clast size Clastic sedimentary rock names

Conglomerate contain large clasts surrounded by
sediments of different sizes, all cemented together.

conglomerate sedimentary
rock containing large particles of
various sizes cemented together

Sandstone is formed from grains of sand
that have been cemented together.

sandstone a sedimentary rock
with medium-sized grains.
The sand grains are cemented
together by silica, lime or other
salts.

Siltstone is smaller than sand, but slightly
larger and not as soft as those in mudstone.

siltstone a sedimentary rock with
a particle size between that of
sandstone and mudstone

mudstone a fine-grained,
sedimentary rock without layering

shale a fine-grained sedimentary
rock formed in layers by the
consolidation of clay

Mudstone and shale are formed from finer grains of sediment
deposited by calm water in the form of mud.

Shale shows tiny layers of clay (represented by short horizontal
lines), where as mudstone is a thicker bed of clay.

Resourceseses
Resources

Interactivity Clastic sedimentary rocks (int-5340)
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WHAT DOES IT MEAN? FIGURE 9.21 A conglomerate
sedimentary rock

Conglomerate is formed from sediments that might be deposited by a
fast-flowing or flooded river. The word conglomerate comes from the
Latin word conglomerare, meaning to ‘roll together’.

elog-0615

INVESTIGATION 9.4

Sediments and water

Aim

To investigate the order in which different sediments are deposited

Materials

• mixture of garden soil, gravel, sand and clay
• large jar with lid
• watch or clock

Method

1. Before commencing this experiment, form your own hypothesis about the order in which the different
types of particles will settle. Give reasons for your hypothesis.

2. Draw a diagram to illustrate your hypothesis.
3. Place enough of a mixture of garden soil, gravel, sand and clay in a large jar to quarter-fill it.
4. Add enough water to three-quarter fill the jar and place the lid on firmly. Shake the jar vigorously.
5. Put the jar down and watch carefully as particles begin to settle. Note the time taken for each layer of

sediment to settle completely.
6. Leave the jar for a day or two. Then compare your observations of the jar with your diagram.

Results

Record your answers to the following tasks to present your results:
1. Draw a labelled diagram showing clearly any layers that form. Identify the layers if you can.
2. Which type of sediment settled first?
3. Where are the other particles of sediment while the first layers are settling?
4. Which sediments settled after a day or two?

Discussion

1. Why did the last sediments take so long to settle?
2. Was your hypothesis supported by your observations?
3. What is the relationship between the size of sediment particles and the time taken to settle?

Conclusion

What can you conclude about the order that different sediments will deposit?
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9.5.3 Sedimentary rocks from living things

limestone a sedimentary rock
formed from the remains of sea
organisms. It consists mainly of
calcium carbonate (calcite).

Limestone is a sedimentary rock that is formed from deposits of the remains of
sea organisms such as algae, brachiopods and corals. The remains of some of these
organisms are still visible within limestone, while others are microscopic. The skeletal
hard parts of these dead animals contain calcium carbonate (the mineral calcite).
When the organisms die, fragments of their skeletons deposit as sediments and are
cemented together over a period of time.

FIGURE 9.22 Limestone is made from sea-based
sediments of living things. Colours can range
from white and tan to red and dark grey.

FIGURE 9.23 Coal is formed form the remains of dead
plants.

coal a sedimentary rock formed
from dead plants and animals
that were buried before rotting
completely followed by followed
by compaction and some heating

Coal is sedimentary rock formed from the remains of dead plants that are buried by
other sediments. In dense swamps, layers of dead trees and other plants build up on
the wet floor. If these layers are covered with water before rotting is completed, they
can be buried by other sediments. The weight of the sediments above compacts the
partially decayed plant material. Over millions of years the compaction and heating
squeezes out the water, forming coal.

CASE STUDY: Chalk FIGURE 9.24 The white cliffs of Dover that overlook
the English Channel are composed of chalk.Chalk is a sedimentary rock. It is similar to

limestone, but not as hard. Chalk is formed from
very fine grains of calcium carbonate that separate
from sea water and settle to become a white,
muddy sediment on the sea floor. The sediment
hardens over time to form chalk. This process
takes millions of years. The remains of shellfish and
other sea animals are also found in the sediment
that forms chalk, but most of these remains are
microscopic.

9.5.4 Chemical sedimentary rocks

rock salt a sedimentary deposit
formed when a salt lake or
seabed dried up. The sediments
are made of sodium chloride
(halite).

Some sedimentary rocks form when water evaporates and leaves behind precipitated
mineral crystals that can be compressed and buried by other sediments. Rock salt is
an example of a rock formed in this way. It forms from residues of salt that remain
after the evaporation of water from salt lakes or dried-up seabeds and can form beds
that are hundreds of metres thick.
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9.5.5 Rocks in layers

FIGURE 9.25 The Grand Canyon is a spectacular
example of exposed sedimentary rock layers that
have been cut into by erosion of a fast-flowing river.

Layers of sedimentary rock are often clearly visible in
road cuttings and cliffs, as seen in the spectacular cliffs
of the Grand Canyon (figure 9.25). Not only do the
layers help you identify them as sedimentary rock, but
they are also records of time, with the bottom layers
older than the top layers.

When fossils are found in sedimentary rock, the layer
they are found in can be used to work out how old
the fossil may be.

Resourceseses
Resources

Interactivity Sedimentary rock layers (int-5341)

FIGURE 9.26 These layers of limestone formed
on the ocean floor and were originally horizontal,
but have since been bent and folded by large
mountain-building forces.

As seen in the Grand Canyon, sedimentary rock
layers are originally deposited flat (horizontal).
However, layers of sedimentary rocks can be
compressed by the same forces below the Earth’s
surface that form mountains. Those forces can
bend and tilt the rock layers into incredible folds
(figure 9.26).

9.5.6 Useful sedimentary rocks

TABLE 9.7 Uses of sedimentary rocks

Sedimentary rock Example modern uses

Sandstone,
limestone and
shale

Sandstone and limestone are often used as external walls of buildings. These
sedimentary rocks are well suited to carving into bricks of any shape. Shale can
be broken up and crushed to make bricks.

Limestone Limestone is broken up to produce a chemical called lime. Lime is used to make
mortar, cement and plaster, and is also used in the treatment of sewage and on
gardens to neutralise acid in the soil.

Rock salt Rock salt is used on roads and driveways in very cold areas to combat ice.

Coal Coal is another useful sedimentary rock. It is used as a non-renewable fuel and
burned in electric power stations to boil water. The steam is then used to drive the
turbines that produce electricity. In some countries, coal is burned in home heaters,
although this can cause air-quality problems. Coal is a non-renewable energy source
because it is not replenished within our lifetime; in fact, it has taken millions of years
to form a layer of coal.
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INVESTIGATION 9.5
elog-0616

Identifying sedimentary rocks

Aim

To use a key to identify a variety of sedimentary rocks

Materials

• several examples of unlabelled sedimentary rocks, including limestone
• dropping bottle of dilute hydrochloric acid

Method

1. Use the key in figure 9.27 to identify the samples of sedimentary rocks you have been given.
2. To do the acid test, just add one drop of dilute hydrochloric acid onto the sample and wipe off with a

clean paper towel.

FIGURE 9.27 Flowchart to identify sedimentary rocks

Conglomerate Sandstone Siltstone Mudstone

Shale

Sedimentary rocks

Woody appearance Fizzes in acid

Flaky, easy 

to separate 

into layers

Biological material Mineral grains

Grains easily

seen and felt

Grains not easily

seen, but can 

be felt

Grains too small 

to see or feel

Plant remains Animal skeletons Grains all

different sizes

Coal Limestone

Results

Design a table to record your answers for each step in identifying each sample, particularly the name at the end.

Discussion

1. How many of the unlabelled rocks did you confidently identify?
2. Which of the rock samples were the most difficult to identify, or which are you least confident about?
3. Discuss why it was difficult and how the key might be improved.

Conclusion

What can you conclude about identifying sedimentary rocks?

Resourceseses
Resources

eWorkbook Sedimentary rocks (ewbk-5026)

Additional automatically marked questions
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9.5 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, 2, 3, 8, 11, 12

LEVEL 2
Questions
4, 5, 9, 13, 16

LEVEL 3
Questions
6, 7, 10, 14, 15

Remember and understand

1. From what are all sedimentary rocks formed?
2. List in order the process of forming a sedimentary rock.
3. What are clastic sediments before they eventually form a clastic

sedimentary rock?
4. As a flooded river slows down, which particles are likely to

settle first: gravel, sand or fine clay?
5. Explain, with the aid of a diagram, how sediments lithify and

become a sedimentary rock.
6. Clastic sedimentary rocks formed from weathered pieces of

other rock are classified based on what characteristic?
7. Explain how a floodplain is created.
8. In which type of sedimentary rock would you most likely find embedded seashells?
9. How is coal formed?

Apply and analyse

10. Explain why sedimentary rocks are found in layers.
11. Explain why limestone and coal are sometimes referred to as ‘biological rocks’.
12. A road cutting reveals a layer of sandstone beneath a layer of mudstone. Between them is a much

thinner layer of conglomerate.
a. Which layer would have formed from sediments beneath the sea?
b. Which layer would have formed while the area was flooded by a swollen, fast-flowing river?
c. Which layer would have formed while the area was near a delta and coastline?
d. Which layer was formed most recently?

Evaluate and create

13. What type of sediment would you expect to find on the bed of the Yarra River in Melbourne?

14. SIS A geologist collects a sedimentary rock sample, shown
in the figure. They classify the rock by using the figure 9.27 in
investigation 9.5. First, they decide it is a sedimentary rock
because it came from a layered rock outcrop. Next, they
observed that the sample is missing fossils, so they claim that
it must contain mineral grains, not biological material. Then,
they observe that the grain sizes are the same and small, but
still easily seen and felt. In conclusion, they call this rock a
sandstone.
a. Sandstone is the answer. Identify two correct applications in

the method used to identify the rock.
b. Is there a step they could have used to gather more

information?

A sedimentary rock sample
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15. SIS Create a model illustrating how the clast size for sediment deposits would change in a classic
path from mountain to coastline to just offshore.

Mountains

Foothills Plains

 Coast

Offshore

16. What do peat, brown coal and black coal have in common? How are they different from each other?

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

9.6 Metamorphic — the ‘changed’ rocks

LEARNING INTENTION

At the end of this subtopic you will understand how some common types of metamorphic rocks form, and what
clues they provide to past environments.

9.6.1 Stability and change
So far, we have had rocks melt and solidify, some even blasted out of a volcano to solidify on the surface. On the
surface, rocks weather and erode, where sediment ends up depositing and lithifying over time. What on earth is
going to happen next?

metamorphic rocks formed from
another rock that has been under
great heat or pressure (or both)

The Earth never stops changing. As rocks are put under new conditions (like increasing temperature and/or
pressure with deep burial or during a mountain-building event) it can ‘morph’ right into another kind of
rock — a metamorphic rock.

WHAT DOES IT MEAN?

The word metamorphic comes from the Greek words meta, meaning ‘change’, and morph meaning ‘form’.

metamorphism the process
that changes rocks by extreme
pressure or heat (or both)

This change occurs because every mineral forms in a specific set of physical conditions. When those conditions
change, the mineral changes physically and/or chemically to be stable under the new set of conditions. All of this
change can happen without melting and is called metamorphism.

• A physical shift can occur when the mineral rotates into a new orientation.
• A chemical shift can occur when either the mineral breaks down to form new minerals or crystal

structures realign — such as we saw in the formation of diamonds in section 9.2.2.

9.6.2 Metamorphic rocks
Rocks pushed deep below the Earth’s surface are buried under the weight of the rocks,
sediments and soil above them. They are also subjected to higher temperatures with
depth. On average, the temperature increases by about 25 °C for every kilometre below
the surface. Added heat and pressure can change the type and appearance of the
minerals in rocks.
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The changes that take place during the formation of metamorphic rocks depend on:
• the type of original rock, sometimes called the ‘parent’ rock
• the amount of heat to which the original rock is exposed
• the type and amount of pressure added to the rock
• how quickly the changes take place.

FIGURE 9.28 The formation of metamorphic
rock by contact with hot magma

Layers of 

sedimentary rock Metamorphic

rock

Hot

magma

The higher the amount of heat and/or pressure, or the
longer a rock is exposed to metamorphism, the greater the
change will be. This is called a metamorphic grade, where a
low-grade rock has experienced less change than a highest
graderock.

Rocks do not always need to be buried to great depths to
experience metamorphism. Figure 9.28 shows how rocks
can be changed by the high temperatures that result from
contact with hot magma. The metamorphic rocks around
the body of magma are baked by the heat escaping the
cooling magma body. Where would you expect to find the
high-grade metamorphic rocks?

Types of metamorphic rocks

FIGURE 9.29 When shale is exposed to heat
and pressure it becomes slate.

slate a fine-grained metamorphic
rock formed as a result of
moderate heat and pressure on
shale

Shale is a common type of sedimentary rock. It is made
of tiny clay particles that can be scratched with your
fingernail and it comes in tiny layers that crumble easily.
However, when shale is exposed to heat and pressure, the
minerals begin to change, and the rock hardens to form the
low-grade metamorphic rock called slate. Slate doesn’t
look much different from shale, in that it can still split
into thin layers, but the rock is much harder. Give it more
time and higher conditions, it will continue to morph into
a high-grade rock called schist.

gneiss a coarse-grained
metamorphic rock with light and
dark bands formed mainly as a
result of great pressure on granite

Metamorphic rocks that are mainly the result of great
pressure can often be identified by bands of light and
dark colours. These bands are evident in the sample of
gneiss (pronounced ‘nice’), pictured in figure 9.30. Gneiss
is formed mainly as a result of great pressure applied
to the igneous rock of granite.

FIGURE 9.30 When granite is exposed to high pressure it becomes
gneiss.

Resource

Time
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marble a metamorphic rock
formed as a result of great heat
or pressure on limestone

Marble forms when limestone is put under heat and pressure. It contains the
same calcite minerals as limestone; although, they generally grow larger with
metamorphism. If the limestone has minerals other than calcite in it, the marble will
have a swirling colour effect.

FIGURE 9.31 Marble quarry in Italy. Marble forms from the
metamorphism of limestone.

Common examples of the formation of metamorphic rocks are summarised in table 9.8.

TABLE 9.8 How some common metamorphic rocks are formed

‘Parent’ rock Condition of metamorphism Metamorphic rock

Shale (sedimentary) Mainly low pressure ⇒ Slate

Sandstone (sedimentary) Mainly heat ⇒ Quartzite

Limestone (sedimentary) Mainly heat ⇒ Marble

Granite (igneous) Mainly high pressure ⇒ Gneiss

CASE STUDY: Rocks in your pool table

Have you ever tried to lift one end of a pool table and noticed
how incredibly heavy it is? Pool tables are very heavy and
difficuilt to move because the flat surface under the felt is not
wood as you may have thought — it’s actually made of slate.
Because of its natural hardness and flat face, slate makes an
ideal even surface!

Resourceseses
Resources

Interactivity Metamorphic rocks (int-5343)
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Clues from metamorphic rocks
We do not actually see metamorphism, because it takes place entirely underground. This makes metamorphic
rocks the most mysterious of the three rock groups. However, the nature of metamorphic rocks above and below
the ground can provide clues about the history of an area.

Think about why the presence of quartzite or marble high in a mountain range would suggest that the area was
once below a shallow sea. The presence of slate might suggest that the area was once the floor of a still lake or
deep ocean. These original rocks were either deeply buried, or exposed to magma, or pushed and pulled during a
mountain-building event to transform them into new rock.

9.6.3 Useful metamorphic rocks
The unique hardness and ability to split into thin layers has historically made slate useful as roofing or flooring
material. Quartzite is also very hard and has been used for building materials.

Marble’s softness and beautiful appearance make it suitable for sculpting. It is used for carving statues as well as
tiles and columns for walls and floors of buildings (inside and outside). It is usually highly polished. Ground-up
marble can also be used in toothpaste, pharmaceuticals, agriculture mixtures, cosmetics, paper and paint.

The sedimentary rocks from which marble and slate are formed could not be used for many of these purposes.

elog-0617

INVESTIGATION 9.6

Rocks — the new generation

Aim

To examine and compare a selection of metamorphic rocks and their corresponding ‘parent’ rocks

Materials

• labelled samples of granite, gneiss, limestone, marble, sandstone, quartzite, shale and slate
hand lens

Method

1. Try to sort the rocks into pairs of ‘parent’ rock and corresponding metamorphic rock. Use the
descriptions and examples in this subtopic if you have trouble pairing the rocks.

2. Examine each pair of rocks with a hand lens. Take particular note of grain or crystal size and banding.
3. If necessary, re-sort the rocks into different pairs.

Results

Complete the table provided by noting the similarities and differences between the ‘parent’ and metamorphic
rock of each pair.

TABLE Comparing ‘parent’ and metamorphic rocks

‘Parent’ rock Metamorphic rock Similarities Differences
Main cause of
metamorphism

Shale

Gneiss

Sandstone

Marble
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Discussion

1. Why is the term ‘parent’ used to describe the original rock before metamorphosis?
2. Use the last column of your table to suggest whether the main cause of metamorphism was heat or

pressure.
3. Is there a pattern to the rock’s appearance that could help you determine that pressure was a main

cause of metamorphism?
4. Suggest an idea or two about why or how the metamorphic layering and banding could form.

Conclusion

What can you conclude about metamorphic rocks and their ‘parent’ rocks?

DISCUSSION

Some have argued that black coal is actually more of a metamorphic rock than a sedimentary rock. Discuss why
this may be, and what you would call it.

9.6.4 The rock cycle

rock cycle a cycle of processes
that rocks experience in the
Earth’s crust as they constantly
change from one type to another

The rock cycle in figure 9.32 describes how rocks can change from one type to another. Weathering, erosion,
heat, pressure and remelting are processes that help change rocks. The rock cycle is different from other cycles
because there is no particular order in which the changes happen, and it generally takes a long time to make the
complete change.

Some rocks have been unchanged on Earth for millions of years and may not change for millions more. Some
rocks change a bit quicker (but still slowly), especially near regions of the Earth’s crust that are pushing, pulling
or twisting.

FIGURE 9.32 The processes of melting, metamorphism by increased heat and pressure, as well as weathering
and erosion over time will change rocks from one type to another. This is called the rock cycle.

Metamorphic rock

Igneous rock Sedimentary rock
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Weathering and erosio
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Weathering and erosion
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DISCUSSION
FIGURE 9.33 There are
many cycles in nature. Some
happen faster than others.

A tadpole grows into a frog, female frogs lay eggs, and eventually more
tadpoles emerge from the eggs. That’s a life cycle.

Some of the changes in rocks can be described as cycles too. Weathered
rock is moved by erosion and the particles form sediments, which can be
cemented together to form sedimentary rocks, which in turn may eventually
change into metamorphic rocks. Once those rocks are exposed at the
surface the weathering starts all over again. A complete cycle normally takes
millions of years, but sometimes never takes place at all. Why?

Resourceseses
Resources

Interactivity Changing rocks with heat and pressure (int-0234)

eWorkbooks Metamorphic rocks (ewbk-5028)
The rock cycle (ewbk-5030)

Additional automatically marked questions

9.6 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, 2, 4, 6, 13

LEVEL 2
Questions
3, 5, 7, 9, 12, 14, 16

LEVEL 3
Questions
5, 8, 10, 11, 15

Remember and understand
1. What can cause rocks to change form and become metamorphic rocks?
2. Describe the visual differences between gneiss and granite.
3. What causes granite to be transformed into gneiss?
4. Slate is commonly used in floor and patio tiles. Why?
5. Rocks are classified into three groups. Identify which of the groups a metamorphic rock can form

from.
6. If a sandstone is subjected to increased temperature and pressure during a mountain-building event,

what metamorphic rock will form?
7. Why is limestone referred to as the ‘parent’ rock of marble?
8. Describe the environments where you would expect to find metamorphic rocks forming?

Apply and analyse

9. Metamorphic rocks are generally formed deep below the surface of the Earth. However, they are often
found above the ground — even high in mountain ranges. How can this be so?

10. Why do geologists classify rocks?
11. If a rock gets so hot that it melts completely, it does not become a metamorphic rock. Explain why.
12. What is the progression of rock types if the steps in the rock cycle are as follows?

Melting and cooling → erosion and deposition → burial with increased temperature and pressure
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Evaluate and create

13. Why is the rock cycle important?
14. SIS Consider the figure that shows the different grades of metamorphism in rocks. As the pressure

and/or temperature changes, the minerals in the rock become unstable, break down and form new
minerals. The growth of particular minerals indicates that a grade boundary on this graph has been
crossed.

Grades of metamorphism in rocks
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a. What are the relationships between temperature, pressure, depth and metamorphic grade?
b. What is the temperature range for a low-grade rock found at a depth of 10 km?
c. What are geologists using to recognise the difference between low- and high-grade metamorphic

rocks?
d. Suggest a definition for diagenesis and find out how it differs from lithification.

15. SIS A geologist finds an outcrop of marble near an outcrop of granite. Knowing how both granite and
marble form, answer the following questions.
a. Suggest an idea that explains this relationship.
b. How could you test your idea?

16. Devise a ‘buildings trail’ in your city or town to locate buildings made of different kinds of rock. Draw a
map to show the location of the buildings and the type of rock used in constructing them.

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

9.7 Rock technology

LEARNING INTENTION

At the end of this subtopic you will understand that use of a variety of Stone Age tools required knowledge of
rock types and that Aboriginal and Torres Strait Islander peoples created tools for many specific purposes using
their knowledge of different rock types.

SCIENCE AS A HUMAN ENDEAVOUR: Back to the Stone Age
Stone Age a prehistoric time
when weapons and tools were
made of stone, bone or wood

alloy a mixture of a metal with a
non-metal or another metal

Rock technology began about two million years ago when early humans started using
rocks to make simple chopping tools. This was the beginning of the period known as
the Stone Age. For the great civilisations of Asia, Europe and North Africa, the Stone
Age ended around 3000 BC with the discovery of bronze, an alloy of copper and tin.

flint a fine-grained sedimentary
rock that leaves a very sharp
edge when broken

The most commonly used resource in the Stone Age was a fine-grained sedimentary
rock called flint. When flint breaks, it leaves a razor-sharp edge, so it was ideal for
making sharp tools like knives, axes and spearheads.
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FIGURE 9.34 The use of chipping one rock with
another to make the desired shape

FIGURE 9.35 Flint arrowheads were attached to
wooden shafts with twine or animal sinews.

percussion flaking a process in
which tool stones, such as flint
or obsidian, were struck with
harder stones, such as quartzite,
to shear large flakes off until it
was a desired shape

Small tools were made by striking tool stones like flint or the glass-like igneous rock
obsidian with harder stones, such as quartzite, a metamorphic rock. To remove large
flakes from the tool stone, a sharp blow was delivered by the harder rock. If the tool
stone was struck correctly, a flake sheared from it. This process is called percussion
flaking. The toolmaker continued to remove flakes from the stone until the desired
shape was obtained. The flakes were then used to make tools such as knife blades,
scrapers and engravers.

Larger items such as axeheads and spearheads were made with a combination of techniques, such as
percussion flaking, grinding stones against each other and chiselling against the edge of a stone with tools
made of bone or wood.

Indigenous ingenuity

FIGURE 9.36 Hand axes made and used by the
Ngadjonji people of the tropical rainforests of
northern Queensland

Aboriginal and Torres Strait Islander peoples were still
using Stone Age tools when Europeans began to settle
in Australia in 1788. They were highly skilled at working
with stone. In fact, Indigenous Australians were the first
people to use ground edges on cutting tools and to
grind seed.

Their stone axes and other sharp tools were used to
cut wood, shape canoes, chop plants for food, skin
animals and make other tools out of stone or wood.
The sharpened stones were often attached to wooden
handles with twine from trees or with animal sinews.

Grinding stones are slabs of stone used with a smaller,
harder top stone to grind seeds such as corn and
wheat, berries, roots, insects and many other things
to prepare food for cooking. Leaves and bark were
sometimes ground to make medicines. Aboriginal
people also used grinding stones to grind various types
of soil and rock to make the powders used to paint
shields and other wooden implements with traditional
patterns.

Grinding stones were rough and usually made from sandstone, basalt with large crystals or quartzite. The smaller
top stone was usually a hard, smooth river pebble.
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The tools and the type of stone used to make them varied from group to group, depending on the location.
Aboriginal people were skilled at making good use of the available resources. Apart from grinding stones, axes
and other cutting tools, they made items such as bowls, cups and food graters out of stone.

FIGURE 9.37 An Aboriginal grinding stone with a
top stone, or muller. The grinding stone is 40 cm
long, 35 cm wide and 10 cm high. It is made from
sandstone. The top stone is a hard, smooth river
pebble.

FIGURE 9.38 A food grater made from stone by the
Ngadjonji people of northern Queensland

Resourceseses
Resources

Additional automatically marked questions

9.7 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, 3

LEVEL 2
Questions
4, 5

LEVEL 3
Questions
6, 7

Remember and understand

1. List one example of each of the following types of rock that were used in the Stone Age to make tools.
a. Igneous
b. Sedimentary
c. Metamorphic

2. Which alloy replaced stone to make tools when the Stone Age ended?
3. What role did animal sinews play in tool making by Indigenous Australians?
4. List three different uses of grinding stones.
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Apply and analyse

5. What properties of flint made it so useful during the Stone Age?
6. Suggest how the process of percussion flaking got its name.
7. List some properties that you would look for when selecting a suitable top stone for a grinding stone.

Evaluate and create

8. Research and report on a range of tools and other devices made from rocks or other natural materials
that Aboriginal and Torres Strait Islander peoples used in their daily lives.

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

9.8 Geologic history

LEARNING INTENTION

At the end of this subtopic you will be able to identify the relationships between rocks and the clues they contain
as to how and when they formed, including the fossil record.

9.8.1 Clues in rocks

FIGURE 9.39 Rocks tell the history of the
Earth.

If only rocks could talk! They would have so much to say. They
would tell us about the Earth’s history — about prehistoric
creatures whose fossils lie within them, about explosive
volcanoes, earthquakes, flooded rivers that washed them away
and about what it is like inside the Earth.

Although rocks can’t talk, geologists are able to read them to
answer questions such as:

• How has the Earth’s climate changed over millions of
years?

• When did the Himalayas form?
• What was the first signs of life?
• What caused the extinction of the dinosaurs?

fossil any remains, impression,
or trace of an animal or plant of a
former geological age; evidence
of life in the past

The clues lie in the appearance of the rocks, the minerals they
contain, and how they are layered or located next to one another.
There are also clues in fossils. A fossil is evidence of living
things preserved in rocks.

9.8.2 Geologic history
Over very long periods of time, rivers change their course, mountains form where seas once existed and the
climate changes. As these changes take place, different layers of sediment can be deposited at the same location.
Some layers will be thicker than others, but the layer below will have been deposited before the one on top.
Sudden events that occurred in the area of deposition, such as erupting volcanoes or landslides, are also recorded
in the sediment layers.

Sedimentary rocks, which are formed by the hardening of the different layers of
sediments, provide many clues about the order in which events took place. Slow
movements caused by the forces beneath the surface can tilt, break, curve and
push up the layers. This will disturb the pattern of layers and mark their
occurrence in the record. Reading sedimentary rocks is particularly important
to interpreting a geologic history of the Earth.
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relative age the age of a rock
compared with the age of another
rock

A geologic history uses the concept of relative age to interpret an order to events. The relative age of a rock
simply indicates whether it was formed before or after another rock.

Principles of relative age

• A layer of sedimentary rock is older than the rocks above it and younger than those below it.
• Layers of sedimentary rock were originally deposited and lithified as horizontal layers. Thus, if you see

bent or broken layers, the bending or breaking event must have happened after deposition.
• A time of weathering and erosion can remove layers, disturbing the surface. This results in a time gap

in the record but can also be a fresh start for a younger sequence to deposit on top.

The relative ages of some igneous rocks and metamorphic rocks can be determined in the same way.

int-0233
FIGURE 9.40 Illustrated side-view of a portion of the crust. It highlights the relationships of rock layers relative to
one another, which can be used to propose a geologic history.

Mudstone

7. These layers were deposited last. They have started

    to weather and erode.

6. A long period of weathering and erosion left tha

    layer of limestone with a flat surface. When a

    volcano then erupted nearby, lava from the volcano

    cooled to form basalt on the flat surface.

5. A sudden event such as an earthquake has

    occured to break the layers of rocks like this. This

    event took place after the lower layers were folded.

    A break like this is called a fault. 

4. A slow event has caused the lower levels to buckle.

    This is called folding. Folding can occur when rock

    layers are under pressure from both sides.

3. The third event to occur was deposition of

    limestone. It tells us that there were probably marine

    organisms present in the area during this time.

2. This is the second layer deposited. Shale is a

    fine-grained rock that is deposited in a quiet

    environment — such as a swamp, lake or slow-

    flowing part of a river.

1. Conglomerate was deposited first in this rock sample

    This layer was depositd by a glacier or an active

    environment – such as a very fast flowing river.

Limestone

Conglomerate

Shale

Conglomerate

Basalt

3

2

1

4

5

6

7

DISCUSSION

The present is a key to the past. As a class, or in a small group, discuss how much time you think it took to
complete the sequence of events in figure 9.40? What observations of the modern world can we use to judge
how quickly geologic events occur?

It’s all relative

palaeontologist a scientist who
studies fossils

Fossils provide a way of finding out how living things have changed over time. Evidence of the very oldest
living things is buried within the deepest and oldest layers of rock. Scientists who study fossils are called
palaeontologists.

Since it is almost certain that a layer of sedimentary rock is older than the rocks
above it and younger than those below it, it can be assumed that the fossils
in lower layers are older than those in the layers above. By comparing fossils
found in rocks in different areas, including different continents, it is possible to
compare the relative age of rocks throughout the world.
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FIGURE 9.41 Fossils provide clues about life in the past. This is a
fossil of an ancient fish.

9.8.3 How fossils form
The remains of most animals and plants decay or are eaten by other organisms, leaving no trace behind.
However, if the remains are buried in sediments before they disappear, they can be preserved, or fossilised.
Fossils can form in several ways.

permineralization the most
common method of fossilisation,
in which minerals fill the cellular
spaces and crystallise. The shape
of the original plant or animal is
preserved in great detail.

The hard parts of plants and animals are more likely to be preserved than
the softer parts. Wood, shells, bones and teeth can be replaced or chemically
changed by minerals dissolved in the water that seeps into them. Fossils are most
commonly formed in this way (permineralization) and are the same shape as the
original remains but are made of different chemicals. Petrified wood and fossil
dinosaur bones are two examples of fossils formed by permineralization.

Animal bones and shells can be preserved in sediments or rock for many years
without changing. The types of bones, shells and other remains found in the
layers of sedimentary rock provide clues about the environment, behaviour and
diets of ancient animals.

int-5342 Dinosaurs preserved in rock

1. After the death of a dinosaur, its body would
usually be eaten by meat-eating animals
(carnivores or scavengers). Its bones would
be crushed or weathered, leaving no remains. If,
however, the remains of a dinosaur were buried
in sediment, the bones could be preserved.

carnivores animals that eats
other animals

scavengers animals that eat
dead plant and animal material

2. If a dinosaur died near a muddy swamp, shallow
lake or riverbed, its remains sank in the mud or
were washed into a river in a flood. The bones
were quickly buried in sediment.
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3. Over millions of years, more layers of sediment
were deposited on top of the buried remains.
Chemicals that dissolved in the water that
seeped into the remains changed their colour
and chemical composition. The shape, however,
was preserved. The sediments were gradually
transformed into sedimentary rock.

4. The layers of rock containing the fossilised
remains were pushed upwards, bent and tilted by
forces beneath the Earth’s surface. Weathering
and erosion by the wind, sea, rivers or glaciers
might expose one or more of the bones or teeth.
If the exposed fossils were discovered before
being buried again, palaeontologists might
discover the remains.

Whole bodies

FIGURE 9.42 These insects were trapped in the resin
of a tree millions of years ago.

Sometimes, fossils of whole organisms, including
the soft parts, are preserved. Such fossils are rare and
valuable. Insects that became trapped in the resin of
ancient trees (the fossilised resin is called amber)
have sometimes been wholly preserved (figure 9.42).
Similarly, if the remains of animals or plants are
frozen and buried in ice, they can be fully preserved.

FIGURE 9.43 An ancient woolly mammoth.
Whole bodies of these ancient animals have been
discovered in the ice of Siberia and Alaska.

Whole bodies of ancient woolly mammoths (including
skin, hair and internal organs) have been found
trapped in the ice of Siberia and Alaska (figure
9.43). Whole bodies and preserved skulls of animals
can even reveal evidence of their last meal before
death. Scientists collect DNA from these remains
and compare the DNA sequences to those of
modern elephants. Could we one day clone a woolly
mammoth?

Making an impression
The remains of animals or plants sometimes leave a
dark impression, or imprint, in hardened sediments
or newly formed rock (figure 9.44). The dark imprint
is carbon, a reminder that the imprint came from a
once-living thing.
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FIGURE 9.44 The imprint of a leaf
from an ancient fern left in stone

It is also possible for remains trapped in rock to dissolve and be broken
down; this leaves behind an empty space in the shape of the fossil. The
depression is called a mould.

mould cavity in a rock that shows
the shape of the hard parts of an
organism

Leaving just a trace

trace fossils fossils that provide
evidence, such as footprints, that
an organism was present when
the rock was formed

Some fossils only provide signs of the presence of animals, not the
animal itself, and are called trace fossils. A trace fossil can be a
footprint, trail or burrow. Footprints preserved in rock can provide
clues about ancient animals, including dinosaurs, and how they lived.
By studying the shape, size and depth of footprints, hypotheses can be
made about the size and weight of extinct animals as well as how they
walked or ran.

DISCUSSION

How complete is the fossil record?

Having just learned about the various ways a fossil is formed, discuss what parts of organisms are most likely to
be preserved in the fossil record, and what external conditions are required for those parts to be preserved.

With your responses in mind, consider then, what percentage of life today would actually become part of the
modern fossil record? Are there any plants or animals that you think are very unlikely to create a fossil? What
does this tell you about how complete our fossil record is?

9.8.4 Earth’s living history
Despite the fossil record being incomplete, every fossil found helps to piece together the history of life on Earth.
The oldest undisputed fossils are from rocks dated around 3.5 billion years ago in Western Australia. The fossils
are photosynthetic single-celled organisms that formed features called stromatolites. They would have helped to
introduce free oxygen into the atmosphere!

Fossils from the Ediacaran Period (636 to 541 million years ago) were the first
multicellular forms, with soft bodies like jellyfish or worms. Because the Ediacaran
fauna did not have hard parts, they were not well preserved. However, after the
Ediacaran Period, the rock record explodes with an abundance of fossils because
organisms evolved with hard body parts like claws, scales, shells and bones. Early
life was dominated by marine organisms, but both animals and plants slowly grew
in abundance and complexity on land.

FIGURE 9.45 A summary of Earth’s living history for the last 600 million years, marking the first fossil records and
mass extinction events (stars)
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FIGURE 9.46 Trilobites were some of the first
organism with hard parts preserved in the
fossil record but are not found in any rocks
younger than 251 million years.

The last 540 million years has seen five mass extinctions,
where large volumes of life disappear from the rock record.
The most significant of these was around 251 million
years ago, which saw the extinction of over 80 per cent
of all species, including the trilobites (figure 9.46).
Palaeontologists have placed most of the divisions of
geologic time at points in the fossil record where there are
major changes in the type of organisms observed in the
rocks.

mass extinction an event where
a large amount of life in the fossil
record no longer continue

SCIENCE AS A HUMAN ENDEAVOUR: Fossils help to date rocks

If the rock we are studying has several types of fossils in it, and we can assign time ranges to those fossils, we
might be able to narrow the age range of the rock. First, we evaluate the age range for each fossil, then determine
the overlap in age between fossils. The overlap is the age, or time period, of the rock sample.

FIGURE 9.47 When a rock is found containing multiple fossils, the overlap of the fossil age ranges can
narrow down the age of the rock.
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a rock that contains all of these species.

Resourceseses
Resources

eWorkbook Geologic history (ewbk-5032)

Weblink How many mass extinctions have there been?

Additional automatically marked questions
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9.8 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, 3, 8, 11

LEVEL 2
Questions
4, 5, 9, 12, 14, 16

LEVEL 3
Questions
6, 7, 10, 13, 15, 17

Remember and understand

1. Explain why some layers of sedimentary rock are tilted, even though the sediments that formed them
were originally laid in horizontal beds.

2. What does a palaeontologist study?
3. What rock group is most likely to have fossils?
4. What clues about life in the past do fossils provide?
5. Under what circumstances can whole ancient living things be preserved as fossils?
6. Describe trace fossils and how are they useful.
7. What is the difference between a cast and a mould?
8. List the information about dinosaurs that can be obtained from fossils.
9. Fossils of dinosaurs form when their remains are buried deep under many layers of rock. Explain why

fossils are often discovered on the surface.
10. Describe four ways an animal or plant can be fossilised.

Apply and analyse

Use figure 9.48 to answer questions 11–13.
11. A road cutting reveals the layers of rock shown in figure 9.48. Which of the rocks in the cutting is:

a. the oldest rock
b. the youngest rock
c. evidence of volcanic activity?
d. Why are some layers in the diagram thicker than others?

FIGURE 9.48 Layers of rock exposed by a road cutting

Shale

Sandstone

Basalt

Limestone

Mudstone
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12. Which rocks would you most likely find the fossil of:
a. a seashell
b. the leaf of a fern usually found in swamps?

13. If a fault cuts and displaces the mudstone, limestone and basalt layers in figure 4.48:
a. What is the relative age of the basalt and the fault?
b. What is the relative age of the sandstone and the fault?

14. SIS Explain why the hard parts of plants and animals are more likely to be preserved than the softer
parts.

15. SIS Using the fossil age ranges (arrows) in figure 9.49, determine the time period of the three rocks
shown.

FIGURE 9.49 Fossil age ranges 541 million years ago to present

Time periods Fossil ranges

Quaternary

Tertiary

Cretaceous

Jurassic

Triassic

Permian

Carboniferous

Devonian

Silurian

Ordovician

Cambrian

Present

541 millions

year ago

Rock 1:

Rock 2:

Rock 3:

16. Even an animal’s droppings can become fossilised. Use the internet or books to research and report
on the following.
a. Which animal was responsible for a huge fossilised dropping found in Canada in 1998?
b. How long was the dropping?
c. What can palaeontologists find out from it?

17. Find out how the actual age of a rock in years is determined. This actual age is known as the absolute
age.

Fully worked solutions and sample responses are available in your digital formats.
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9.9 Questioning and predicting the extinction of
dinosaurs

LEARNING INTENTION

At the end of this subtopic you will understand what fossils teach us about the dinosaurs, and the scientific
questions and predictions concerning why they went extinct.

9.9.1 Delving into dinosaurs
It is about 65 million years since the last non-flying dinosaurs existed on the Earth.

• What did they look like?
• What colour were they?
• How fast could they move?
• How did they behave?
• What did they eat?

Palaeontologists use fossils to try to answer all of these questions and more!

Not just a pile of bones

FIGURE 9.50 Human hand compared to a three-toed
dinosaur footprint

Dinosaur fossils are not all bones. They may include
the following.

• Fossilised teeth: The shape of the teeth and
the way they are arranged provide vital clues
about the diets of dinosaurs. Flat-surfaced
grinding teeth would have belonged to a
dinosaur with a plant diet. Sharp-pointed teeth
suited to tearing flesh would have belonged to
a meat-eating dinosaur.

• Footprints: Dinosaur footprints have been
preserved in rock. Footprints from a single
dinosaur provide clues about its size and
weight. They also indicate whether the
dinosaur walked on two legs or four, and how
its weight was spread. The distance between
footprints enables palaeontologists to estimate
how fast the dinosaur moved. Footprints also
provide clues about the behaviour of dinosaurs and whether they lived in herds or alone.

• Impressions of skin may be left in mud that has hardened.

Resourceseses
Resources

Video eLesson A palaeontologist (eles-2054)
Close-up of an Edmontosaurus femur being excavated by a paleontologist.
Notice the flakes and layers of sedimentary rock being removed.
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9.9.2 What happened to the dinosaurs?
Between about 65 and 250 million years ago, dinosaurs were the most successful animals on Earth. In fact, those
years are known as ‘the age of the dinosaurs’. Dinosaurs thrived and dominated the land while mammals lived in
their shadow. Fossil evidence indicates that the last of the dinosaurs died about 65 million years ago.

Two of the inquiry skills that geologists and other scientists use are questioning and predicting. The question
of how the dinosaurs died out has intrigued scientists for many years. In answering this question, scientists use
scientific knowledge to make ‘predictions’ about what happened many millions of years ago.

9.9.3 Solving the dinosaur riddle
There are several lines of thought about the extinction of the dinosaurs. Scientists and others argue about
whether the end of the dinosaurs was sudden or gradual. Scientists do generally agree that the riddle of the
dinosaur extinction remains unsolved. Palaeontologists and other scientists continue to look for clues that might
provide the final solution.

The asteroid theory
The most widely accepted solution to the dinosaur riddle is that an asteroid collided with the Earth around 65
million years ago.

The asteroid’s impact threw billions of tonnes of dust into the air, blocking out sunlight and plunging the Earth
into darkness for two or three years.

• Plants stopped growing but their seeds remained intact.
• The temperature dropped.
• The large plant-eating dinosaurs would have died quickly of starvation.
• The meat-eating dinosaurs would probably have died next, having lost their main food supply but

surviving for a while by eating smaller animals.
• Many smaller animals would have survived by eating seeds, nuts and rotting plants.

FIGURE 9.51 Dust from a colliding asteroid could have blocked out sunlight for two or three years.

As the debris began to settle and sunlight filtered through the thinning dust clouds, many of the plants began to
grow again. The surviving animals continued to live as they did before the impact. The surviving mammals were
no longer competing with dinosaurs for food. It was the beginning of the age of mammals.
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The volcano theory

FIGURE 9.52 Huge volcanic eruptions could have
caused a global cooling.

The June 1991 eruption of Mount Pinatubo in the
Philippines showed that ash and gases from volcanoes
could reduce average temperatures all over the world.
The average global temperatures during 1992 and
1993 were almost 0.2 °C less than expected. While
this is not a large drop in temperature, the size of the
eruption of Mount Pinatubo was much smaller than
those of many ancient volcanoes.

The ash from a large volcano could have the same
effect on sunlight and the Earth’s temperature
as an asteroid impact. If there was an unusually
large amount of volcanic activity about 65 million
years ago, the extinction of the dinosaurs could be
explained. The largest known volcanic eruption
occurred about 251 million years ago in what is
now Siberia. It is believed that many types of marine
animals became extinct at about the same time.

The cooling climate theory

FIGURE 9.53 Could global climate change have
killed the dinosaurs?

The gradual cooling of the Earth’s climate due to
changes in the Sun’s activity or Earth’s orbit around
the Sun could have caused the extinction of the
dinosaurs. Dinosaurs, with no fur or feathers, had
less protection from cold weather than mammals and
birds. The larger dinosaurs would have found it very
difficult to shelter from the cold conditions. Many
smaller animals could burrow below the ground or
shelter in the hollow trunks of trees or in caves. Many
mammals and birds would have been able to migrate
to warmer regions closer to the equator.

EXTENSION: Cold-blooded or warm-blooded?

ectothermic describes an animal
whose body temperature is
determined by its environment

endothermic describes an
animal that requires heat input
to maintain its body temperature

Until recently, it was believed that dinosaurs were ectothermic. Ectothermic animals have body temperatures
that depend on the temperature of their surroundings. As the surrounding temperature decreases, their body
temperature decreases, and they become less active.

Mammals are endothermic. Endothermic animals are able to maintain a constant body temperature that is
usually above that of their surroundings. They are able to remain
warm and active in lower surrounding temperatures.

If dinosaurs were in fact ectothermic, a cooler climate would have made it more
difficult for them to compete with other animals for food. However, many scientists
now believe that dinosaurs may have been endothermic. The question of whether
dinosaurs were cold-blooded or warm-blooded needs to be answered before the
riddle of the dinosaurs can be solved.
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The emerging plants theory

FIGURE 9.54 The evolution of flowering plants
may have wiped out much of the plant-eating
dinosaurs’ main food source.

During the Cretaceous period (140 million to 65 million
years ago), new types of plants began to appear. Flowering
plants evolved, competing with the more primitive plants
such as ferns for nutrients, water and sunlight. The plant-
eating dinosaurs did not eat flowering plants. According to
this theory, as their traditional food supply became more
scarce, the plant-eating dinosaurs could not survive, and the
meat-eating dinosaurs that preyed on them starved as well.

The declining oxygen theory
During the ‘age of the dinosaurs’ the amount of oxygen in
the atmosphere was higher than it is today — 10 to 14 per
cent more. This meant that despite the dinosaurs having large
bodies and muscles, they could get away with having small
lungs.

Around 95 million years ago, the oxygen levels appear to
drop rapidly to the 21 per cent we have today. It is possible
that the decline in available oxygen was quicker than
evolution could take place, and the dinosaur’s biology did
not cope with the lower levels of oxygen.

CASE STUDY: Australian megafauna

The name megafauna means ‘big animals’ and is a general term used to describe a group of large land animals
that appeared millions of years after the dinosaurs became extinct. The megafauna were at their largest and most
widespread during the last 2.5 million years. In Australia, the megafauna were unique, including giant marsupials
such as the diprotodon. The diprotodon is often referred to as a giant wombat with a nose like a koala. It was
about the size of a two-ton white rhinoceros.

Most of the Australian megafauna became extinct around 45 000 years ago. Scientists have been debating
the causes of the extinction for decades. Some claim the animals could not have survived changes in climate,
which would have changed landscapes from wooded eucalyptus to arid and sparsely vegetated. Others have
suggested the animals were hunted to extinction by Australia’s earliest immigrants who had colonised most of
the continent by 50 000 years ago. Perhaps it is the combination of the two.

FIGURE 9.55 An illustration of some of the Australian megafauna that inhabited
Australia some 45 000 years ago. The diprotodon is in the top centre.
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Resourceseses
Resources

Additional automatically marked questions

9.9 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, 3, 6, 7, 11

LEVEL 2
Questions
4, 8, 9, 12, 14

LEVEL 3
Questions
5, 10, 13, 15

Remember and understand

1. When did a mass extinction take place that included the loss of most dinosaurs?
2. How is the shape of a fossil tooth helpful for understanding how a dinosaur lived?
3. What is the most widely accepted theory to explain the extinction of the dinosaurs?
4. Why would smaller animals be more likely to survive the effects of an asteroid impact or large volcanic

eruption than larger animals?
5. What is the difference between an ectothermic animal and an endothermic animal?

Apply and analyse

6. In what ways were the dinosaurs different from mammals?
7. How could volcanic eruptions affect life throughout the whole world?
8. How could meat-eating dinosaurs be endangered by the evolution of new types of plants?
9. SIS The boundary that marks the extinction of the dinosaurs is known as the K-T boundary. When

scientists sampled this boundary across the world, they found that it had a much higher concentration
of iridium than normal. Iridium is rare on Earth’s surface.
a. Of all the theories presented, which theory does this finding best support?
b. Are there any patterns to the iridium concentrations that would help convince you even further?

10. SIS Explain how it is possible to use preserved animal footprints to form hypotheses about:
a. whether the animal lived alone or in herds
b. the way that the animal walked
c. the weight of the animal
d. the walking or running speed of the animal.

Evaluate and create

11. Which group of animals benefited the most as a result of the extinction of the dinosaurs?
12. List as many weaknesses as you can in each of the five theories about the dinosaur extinction

presented.
13. Which theory of the extinction of the dinosaurs do you think is most likely to be correct? Explain your

answer.
14. Imagine what it would have been like 65 million years ago if an asteroid plunged into the Earth. Write a

story about the first 24 hours after the impact.
15. Which animals and plants do you think would be most likely to survive if an asteroid struck central

Australia now? Explain your answer.

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

TOPIC 9 Sedimentary, igneous and metamorphic rocks 545

UNCORRECTED PAGE PROOFS

UNCORRECTED PAGE PROOFS



“c09Rocks_PrintPDF” — 2020/8/11 — 22:00 — page 546 — #52

9.10 Thinking tools — Fishbone diagram and tree
maps
9.10.1 Tell me
A fishbone diagram is a useful thinking tool, when you are trying to determine or understand what could have
caused something to happen. They show visually the reasons for what is happening or has happened. They are
sometimes called cause-and-effect analysis or Ishikawa diagrams.

FIGURE 9.56 A fishbone diagram
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Similar to fishbone diagrams, a tree map divides ideas into groups or categories. However, fishbone diagrams
always categorise causes, but tree maps do not.

FIGURE 9.57 A tree map
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Idea IdeaIdeaIdea

FeatureFeatureFeatureFeatureFeatureFeatureFeatureFeature

Topic

9.10.2 Show me
1. Think of an event of which you do not know the causes.
2. Brainstorm as many possible causes as you can for this event.
3. In pairs, or teams of four, organise your list of causes into groups.
4. Write the event that you are analysing as the ‘fish’s head’ of a fishbone diagram. Your groups of causes then

become the main ‘bones’ of the diagram, one bone for each group.
5. Write the title for each of your groups of causes on its relevant ‘fishbone’.
6. Write the causes on the smaller ‘fishbones’ that are joined to the sides of the main bones. (You can attach

causes to more than one bone or group of causes.)
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9.10.3 Let me do it 

9.10 ACTIVITIES

1. Create a fishbone diagram that shows the possible causes of the extinction of the dinosaurs. Use
the one provided as a template, adding the smaller ‘bones’ and causes yourself. Four of the theories
discussed in this subtopic are already on the template. Include a separate theory of your own on the
diagram. It could be a combination of the four other theories, or something completely different.

The

cooling

climate

theory

Extinction

of the

dinosaurs

The

asteroid

theory

The

volcano

theory

The

emerging

plants

theory

My own

separate

theory

2. Working with a partner, copy the tree map given onto A3 paper and complete it to represent the three
main classes of rock found in the crust. Add further branches below the existing ones if you can.

Igneous Sedimentary Metamorphic

Rocks in the

Earth’s crust

3. Create a fishbone diagram to represent the formation of rocks. Use the cause categories listed, and
add any others that you think should be included.
Cause c ategories:
• weathering
• erosion
• volcanoes
• pressure
• heat
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9.11 Review

Access your topic review eWorkbooks

Topic review Level 1
ewbk-5046

Topic review Level 2
ewbk-5048

Topic review Level 3
ewbk-5050

Resources

9.11.1 Summary
Rocks and minerals

• A mineral is any naturally occurring solid substance with a definite chemical composition and crystal structure.
• The physical properties of a mineral, such as colour, lustre, streak, hardness and shape, are controlled by the:

• elements present
• environment they formed in.

• A combination of physical properties is used to identify a mineral.
• A rock is a naturally occurring, coherent collection of minerals, organic material and/or glass.
• Rocks are classified into three groups based on how they formed: igneous, sedimentary and metamorphic.
• Some rocks may contain valuable ore minerals.
• The process obtaining metals from ore minerals includes:

• exploration
• environmental impact studies
• mining
• metal extraction
• mine rehabilitation.

Igneous — the ‘hot’ rocks
• Rocks that form from the cooling and solidification of magma or lava are called igneous rocks.
• The appearance of igneous rocks depends on the:

• cooling environment (intrusive or extrusive)
• types of minerals or glass substances present.

• Igneous rocks that formed in an extrusive environment will have small mineral crystals or volcanic glass
because it solidified quickly (days to weeks) on or near the surface.
• Basalt is dark coloured, with minerals rich in iron and magnesium.
• Rhyolite is light coloured, with more silica-rich minerals.
• Scoria is like basalt but with lots of holes from trapped gas.
• Pumice also has a lot of holes, but is made of glass and can float on water.
• Obsidian is a dark and dense volcanic glass.

• Igneous rocks that formed in an intrusive environment will have large mineral crystals because it solidified
slowly (thousands of years) underground.
• Granite is light coloured, like rhyolite but with visible crystals.
• Gabbro is dark coloured, like basalt but with visible crystals.

• Igneous rocks can be useful because they may contain ore minerals or they can be used as building material.
• Granite bodies underground can be a source of renewable geothermal energy.

Sedimentary — the ‘deposited’ rocks
• Sedimentary rocks form by weathering, erosion, deposition, and lithification of sediments on the surface.
• Lithification can occur by:

• long periods of compaction
• quick cementing.
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• Clastic sedimentary rocks are made of weathered fragments of pre-exiting rocks and are named based on
clast size.
• From largest to smallest: conglomerate, sandstone, siltstone, mudstone/shale
• Mudstone and shale are soft because they are mostly clay minerals.

• Biological sedimentary rocks are made of fragments of living things.
• Limestone is the most common and is made from the calcite skeletal remains of warm shallow sea animals.
• Coal is made from the sediment remains of swamp plants that have been buried and heated for millions

of years.
• Rock salt and gypsum are examples of chemical sedimentary rocks, which form when water evaporates, and

minerals grow from the solution.
• Sedimentary rocks come in layers, as records of changing surface conditions. The lower layers are older than

the top layers.
• There are many modern uses for sedimentary rocks, such as gravels and lime in concrete, and coal as

a non-renewable fossil fuel.

Metamorphic — the ‘changed’ rocks
• Metamorphic rocks form when pre-existing rocks are put under increased temperature and pressure.

• The rock changes to become more stable to the new conditions.
• The degree and type of metamorphism is determined by the:

• original rock (parent rock)
• amount of pressure or temperature change
• length of time.

• Some of the common metamorphic rocks are slate, quartzite, marble and gneiss.
• Apply low pressure to shale to form slate that splits into thin sheets.
• Apply high pressure to granite to form gneiss with light and dark bands.
• Apply higher temperatures to limestone to form marble.
• Apply higher pressure or temperature to sandstone to form quartzite.

• Each type of metamorphic rock is a clue to the original rock as well as the amount of temperature or pressure
change that caused the metamorphism.

• Metamorphic rocks like slate, quartzite and gneiss are hard and can be used as building material or
percussion tools.

• Marble is softer and easier to carve into sculptures.
• Geologists refer to the constant and slow change of rocks from one type to another over time as the ‘rock cycle’.

Geologic history
• Rock types and their relationships to one another are used to interpret past environments and events.
• Principles of relative age help to interpret these rocks or events as either older or younger than another.
• Fossils in sedimentary rocks are recorded and compared across the world to help with determining rock age.
• Fossils of plant or animal bodies can form by:

• per mineralization
• whole-body preservation
• imprints.

• Hard parts of plants and animals are likely to be better preserved than soft parts.
• The fossil record is incomplete, making the finding and addition of any new fossil records important to

building the history of life on Earth.
• Complexity of life on Earth exploded 541 million years ago and continues today.
• There have been five mass extinction events in the past 600 million years.

Questioning and predicting the extinction of dinosaurs
• Dinosaurs dominated the Earth from 65 to 250 million years ago.
• Palaeontologists use dinosaur bones as well as fossilised teeth, footprints and skin impressions to question

and predict dinosaur:
• size and weight
• walking style
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• diet
• social behaviour.

• Fossil evidence indicates that the last of the dinosaurs died about 65 million years ago.
• Scientific questioning and predicting skills have helped to develop several theories as to why the dinosaurs

went extinct.
• Asteroid impact
• Large volcanic eruptions
• Global climate cooling
• Evolution of flowering plants
• Decreasing oxygen levels

• The most widely accepted theory is that an asteroid collided with Earth.

9.11.2 Key terms

abrasive a property of a material or substance that easily scratches another
alloy a mixture of a metal with a non-metal or another metal
basalt a dark, igneous rock with small crystals formed by fast cooling of hot lava. It sometimes has holes that
once contained volcanic gases.
batholith intrusive rock mass that measures more than 100 kilometres across
carnivores animals that eats other animals
cast <definition to come>
coal a sedimentary rock formed from dead plants and animals that were buried before rotting completely
followed by followed by compaction and some heating
compounds two or more atoms or ions of different elements joined (bonded) together
conglomerate sedimentary rock containing large particles of various sizes cemented together
crystal geometrically-shaped substance made up of atoms and molecules arranged in one of seven different
shapes. The elements that make up a crystal and the conditions present during the crystal’s growth determine
the arrangement of atoms and molecules and the shape of the crystals.
deltas a landform created by the deposition of sediment at the end of a river as it enters a body of water
deposition the settling of transported sediments
ectothermic describes an animal whose body temperature is determined by its environment
endothermic describes an animal that requires heat input to maintain its body temperature
environmental impact statement (EIS) study of the possible effects of a planned project on the environment
erosion the wearing away and removal of soil and rock by natural elements, such as wind, waves, rivers and ice,
and by human activity
extrusive igneous rock that forms when lava cools above the Earth’s surface
fault <definition to come>
flint a fine-grained sedimentary rock that leaves a very sharp edge when broken
floodplain flat, open land beside a river where sediments are deposited during floods
folding the buckling of rocks. It is caused when rocks are under pressure from both sides.
fossil any remains, impression, or trace of an animal or plant of a former geological age; evidence of life in the
past
gabbro a dark-coloured intrusive igneous rock with a similar mineral composition to basalt but with larger
crystals
geothermal energy using heat from the Earth as a energy source
glaciers large bodies of ice that move down slopes and push boulders, rocks and gravel
gneiss a coarse-grained metamorphic rock with light and dark bands formed mainly as a result of great pressure
on granite
granite a light-coloured intrusive igneous rock with mineral crystals large enough to see
hardness a measure of how difficult it is to scratch the surface of a solid material, hardness can be ranked using
Moh’s scale
igneous rock formed when hot, molten rock cools and hardens (solidifies)
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intrusive igneous rock that forms when magma cools below the Earth’s surface
lava molten rock flowing on the surface
limestone a sedimentary rock formed from the remains of sea organisms. It consists mainly of calcium carbonate
(calcite).
lithify to transform sediment into rock
lithosphere the outermost layer of the Earth, includes the crust and uppermost part of the mantle
lustre appearance of a mineral caused by the way it reflects light. A mineral can appear glassy, waxy, metallic,
dull, pearly, silky
magma a very hot mixture of molten rock and gases, just below the Earth’s surface, that has come from the
mantle
marble a metamorphic rock formed as a result of great heat or pressure on limestone
mass extinction an event where a large amount of life in the fossil record no longer continue
metamorphic rocks formed from the change (alteration) of pre-existing rocks in response to increasing
temperature and/or pressure conditions
metamorphic rocks formed from another rock that has been under great heat or pressure (or both)
metamorphism the process that changes rocks by extreme pressure or heat (or both)
mineral a naturally occurring, inorganic and solid substance with a defined chemical formula and an ordered
arrangement of atoms
mining the process of removing natural resources from the Earth
moraine a long hill made out of sediments deposited by a glacier
mould cavity in a rock that shows the shape of the hard parts of an organism
mudstone a fine-grained, sedimentary rock without layering
native elements elements found uncombined in the Earth’s crust
obsidian a black, glassy rock that breaks into pieces with smooth shell-like surfaces
open-cut mining mining that scours out soil and rocks on the surface of the land
ore mineral a mineral from which a valuable metal can be removed for profit
overburden waste rock removed from below the topsoil. This rock is replaced when the area is restored.
palaeontologist a scientist who studies fossils
percussion flaking a process in which tool stones, such as flint or obsidian, were struck with harder stones,
such as quartzite, to shear large flakes off until it was a desired shape
permineralization the most common method of fossilisation, in which minerals fill the cellular spaces and
crystallise. The shape of the original plant or animal is preserved in great detail.
pumice a glassy, pale igneous rock that forms when frothy rhyolite lava cools in the air. Pumice often floats on
water as it is very light and full of holes that once contained gas.
quartzite an extremely compact and hard metamorphic rock consisting essentially of quartz
rehabilitated restored to its previous condition
relative age the age of a rock compared with the age of another rock
rhyolite a light-coloured extrusive igneous rock with a similar mineral composition to granite but with smaller
crystals
rock cycle a cycle of processes that rocks experience in the Earth’s crust as they constantly change from one
type to another
rock salt a sedimentary deposit formed when a salt lake or seabed dried up. The sediments are made of sodium
chloride (halite).
sandstone a sedimentary rock with medium-sized grains. The sand grains are cemented together by silica, lime
or other salts.
scavengers animals that eat dead plant and animal material
scoria a dark, igneous rock formed from basalt lava that cools quickly and full of holes that once contained gas
sedimentary rocks formed through the deposition and compaction of layered sediment
sediment material broken down by weathering and erosion that is moved by wind or water and collects in layers
shale a fine-grained sedimentary rock formed in layers by the consolidation of clay
silicates group of minerals consisting primarily of SiO4

2− combined with metal ions, forming a major component
of the rocks in the Earth’s crust
siltstone a sedimentary rock with a particle size between that of sandstone and mudstone
slate a fine-grained metamorphic rock formed as a result of moderate heat and pressure on shale
Stone Age a prehistoric time when weapons and tools were made of stone, bone or wood
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streak colour of a mineral as a fine powder, found by rubbing it onto an unglazed white ceramic tile
trace fossils fossils that provide evidence, such as footprints, that an organism was present when the rock was
formed
underground mining mining that uses shafts and tunnels to remove rock from deep below the surface
viscosity a measure of a fluid’s resistance to flow
weathering the physical or chemical break down of rocks on the surface

Resourceseses
Resources

Digital document Key terms glossary (doc-34957)

eWorkbook Study checklist (ewbk-5039)
Literacy builder (ewbk-5040)
Crossword (ewbk-5042)
Word search (ewbk-5044)

Practical investigation eLogbook Topic 9 (elog-0610)

9.11 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, 3, 4, 5, 6, 7, 8, 9, 11, 19,
26, 27

LEVEL 2
Questions
10, 12, 13, 14, 15, 20, 21,
23, 28

LEVEL 3
Questions
16–18, 22, 24, 25, 29, 30, 31,
32, 33

Remember and understand

1. What are the three requirements needed to call something a rock?
2. The rocks formed in the Earth’s lithosphere are grouped into which three groups based on how the

rock was formed?
3. How are all igneous rocks formed?
4. Explain the difference between the ways in which extrusive igneous rocks and intrusive rocks

are formed.
5. List three examples of extrusive igneous rocks.
6. What is the difference between basalt and rhyolite?
7. What clues does the size of the mineral crystals in an igneous rock provide about how the rock

was formed?
8. What are sediments?
9. Explain why some layers of sedimentary rocks are tilted or bent.

10. Describe the three different sediment types that can compact and cement to form sedimentary rocks.
11. What is a ‘parent’ rock?
12. Describe two ways in which igneous and sedimentary rocks can be transformed into

metamorphic rocks.

552 Jacaranda Science Quest 8 Victorian Curriculum Second Edition

UNCORRECTED PAGE PROOFS

UNCORRECTED PAGE PROOFS



“c09Rocks_PrintPDF” — 2020/8/11 — 22:00 — page 553 — #59

13. Complete the table to summarise what you know about igneous, sedimentary and metamorphic rocks.

TABLE Summary of rock types

Class of rock How it is formed Special features Example Uses

Igneous

Sedimentary

Metamorphic

14. Complete the diagram of parent rocks and their rock type on the left, and the common metamorphic
rocks they form, on the right.

Shale

(sedimentary)

Mainly pressure

Granite

(                         )

Mainly

(sedimentary) Quartzite
Mainly heat

Limestone

(                         )

Mainly

15. Explain why the mineral crystals in granite are larger than those in basalt.
16. How does applying pressure change the appearance of the rock?
17. The changes that lead to the formation of the

three main groups of rocks can be drawn as a
cycle, as shown in the figure.
Which of processes A–F involve:
a. weathering and erosion
b. heat and pressure
c. remelting and cooling?

18. What characteristic of minerals do the
following terms describe?
a. Lustre
b. Streak
c. Hardness

19. What mineral property does Mohs’ scale
provide an approximate measure of?

20. Which sedimentary rock was the most
important material for tool making in the Stone
Age? What properties made it so useful?

21. Not all fossils are the actual remains of living
things. Name and describe two types of fossils
that are not preserved remains.

22. Of the several ways a fossil can form, which is
the most common?

Rock formation cycle

Igneous rocks Sedimentary rocks

Metamorphic rocks
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Apply and analyse

23. SIS Suggest a way of testing that a rock sample is limestone.

24. SIS While studying sedimentary rocks in a railway cutting, a geologist discovers a layer of graded
bedding, which features larger sized clasts at the bottom and the gradual decrease in size towards the
top. How could the graded bedding have been made?

25. SIS If you were given a sample of two different minerals:
a. how could you tell which one had the greater hardness
b. which one would you prefer to make a road out of?

26. In the Stone Age, tools were made by a process called percussion flaking.
a. Describe the process of percussion flaking.
b. Which property of the rock used to make the tool must be different from those of the stone from

which the tool is formed?
27. What is the most common element in the Earth’s crust?
28. One factor that determines the way in which ore minerals are mined is their depth. Compare the

mining processes used for ores located near the surface with those used for ores located deeper in
the Earth’s crust.

29. The mining industry provides employment for many Australians. Make a list of occupations that are
involved in the mining industry. (Hint: Think about what happens before, during and after mining is
undertaken.)

Evaluate and create

30. According to many geologists, parts of Antarctica are rich in mineral resources, similar to those found
in Australia. Use a two-column table to list reasons these mineral resources should be mined and why
they should not be mined.

31. SIS Imagine that the set of fossilised dinosaur footprints as shown in the figure were found in a layer
of sedimentary rock.
a. Use the footprints to write a description of what might have happened millions of years ago.
b. Compare your interpretation of the footprints with others.
c. Does each person interpret the evidence in the same way?
d. If there are differences of opinion about what happened, is there any way of knowing who is right?
e. List as many differences as you can between the two types of dinosaurs making these footprints.

Fossilised dinosaur footprints
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32. The figure is a sketch of some rock layers and their relationships as seen from a cliff face of a canyon.

Cross-section through a rock sequence

Sandstone

Scoria

Conglomerate

Shale

Limestone

a. What is the oldest rock?
b. What is the youngest rock?
c. What sort of event does the youngest rock suggest?
d. Which feature represents a period of weathering and erosion?
e. Is the period of weathering and erosion younger or older than faulting?
f. SIS Which layer in the diagram would most likely have fossils?

g. Normally, old layers of rock are found below younger layers. Sometimes, however, younger layers
are found beneath older layers. Can you identify a spot on the diagram where this has happened?

33. SIS This photograph shows dinosaur
footprints that have been preserved in rock
at Gantheaume Point near Broome.
a. What type of fossil is it?
b. Why is it classified as a fossil even

though it could be described as a dent
in a rock?

c. Have all dinosaur footprints been
preserved? Why have these been
preserved for hundreds of millions of
years?

d. What can be learned about the features
of the dinosaur that left these footprints?

e. What forms of evidence, apart from
preserved footprints, can be used to
gather knowledge about dinosaurs?

This dinosaur footprint has been preserved in rock
for hundreds of millions of years at Gantheaume
Point near Broome.

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

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 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.

9.1 Overview
eWorkbooks
• Topic 9 (ewbk-5034)
• Student learning matrix (ewbk-5036)
• Starter activity (ewbk-5037)

Practical investigation eLogbook
• Topic 9 (elog-0610)

9.2 Rocks and minerals
eWorkbook
• Identifying and classifying minerals

(ewbk-5023)

Interactivity
• Crystals (int-5338)

Weblink
• Mexico giant crystal cave

Practical investigation eLogbook
• Investigation 9.1 Identifying mineral properties

(elog-0612)

9.3 Mining for metals

Practical investigation eLogbook
• Investigation 9.2 Searching without disturbing

(elog-0613)

9.4 Igneous — the ‘hot’ rocks

eWorkbook
• Igneous rocks (ewbk-5024)

Video eLesson
• Volcanoes (eles-0130)

Interactivity
• The weathering of a batholith (int-5337)

Practical investigation eLogbook
• Investigation 9.3 Does fast cooling make a

difference? (elog-0614)

9.5 Sedimentary — the ‘deposited’ rocks

eWorkbook
• Sedimentary rocks (ewbk-5026)

Interactivities
• Clastic sedimentary rocks (int-5340)
• Weathering (int-5339)
• Clastic sedimentary rocks (int-5340)
• Sedimentary rock layers (int-5341)

Practical investigation eLogbooks
• Investigation 9.4 Sediments and water

(elog-0615)
• Investigation 9.5 Identifying sedimentary

rocks (elog-0616)

9.6 Metamorphic — the
‘changed’ rocks

eWorkbooks
• Metamorphic rocks (ewbk-5028)
• The rock cycle (ewbk-5030)

Interactivity
• Metamorphic rocks (int-5343)
• Changing rocks with heat and pressure

(int-0234)

Practical investigation eLogbook
• Investigation 9.6 Rocks — the new

generation (elog-0617)

9.8 Geologic history

eWorkbook
• Geologic history (ewbk-5032)

Interactivities
• Relative age of rocks (int-0233)
• Formation of a fossil (int-5342)

Weblink
• How many mass extinctions have

there been?

9.9 Questioning and predicting
the extinction of dinosaurs

Video eLesson
• A palaeontologist (eles-2054)
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9.11 Review

Digital document
• Key terms glossary (doc-34957)

eWorkbooks
• Topic review Level 1 (ewbk-5046)
• Topic review Level 2 (ewbk-5048)
• Topic review Level 3 (ewbk-5050)
• Study checklist (ewbk-5039)
• Literacy builder (ewbk-5040)
• Crossword (ewbk-5042)
• Word search (ewbk-5044)
• Reflection (ewbk-3038)

Practical investigation eLogbook
• Topic 9 (elog-0610)

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