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PHYSICAL AND CHEMICAL CHANGE 83

5.2

Chemical changes
In a chemical change, a new chemical is made. �is means that the atoms have been moved around into new arrangements. In some chemical changes, atoms can be separated to make new chemicals. Sometimes atoms and molecules join together to make new chemical substances with larger molecules. New substances have new particles and new properties. Both the physical and chemical properties of the new substance (the product) will be di�erent from those of the original substance (the reactant).

In every chemical reaction, one or more substances are changed into new, di�erent substances with di�erent physical and chemical properties. Chemical changes are usually not reversible – you cannot un-burn toast!Whether a change is physical or chemical depends on the substances, the temperature and how you mix them.

Chemical change produces new substances
When substances interact, they may change. The changes can be noticed in many ways, such as by a change in colour, the formation of bubbles, a change in temperature or the formation of solids. In both pure elements and pure compounds, the smallest particles in the substance are all identical to each other, whether they are individual atoms or molecules made up from a particular combination of atoms. When a chemical change occurs, the original (reactant) particles are rearranged to form new substances (products) with new properties.

Figure 5.7 In a physical change, only the appearance of the substance changes because the particles have been rearranged. In a chemical change, new chemicals are made.

Figure 5.8 A gas is produced, which we either see as bubbles or fizz. Figure 5.9 A colour change occurs that is non-reversible. Heating an iron nail to red hot is a physical change because the red colour will disappear as the nail cools down; however, if the iron in the nail reacts with air and becomes rusty, it is a chemical change.

Figure 5.10 Light or heat is absorbed or produced in chemical reactions. When the atoms in sodium metal and water rearrange themselves, the extra energy is released as light and heat.

Figure 5.11 A precipitate (insoluble solid substance) forms that does not go away.

Figure 5.12 Heating 
chocolate slowly causes it to melt – a physical 
change. If it is heated 
quickly and at a higher temperature, the 
chocolate will burn – a chemical change.

CHALLENGE 5.2: MAKING CARAMEL GO TO PAGE XXX. EXPERIMENT 5.2: OBSERVING CHEMICAL REACTIONS GO TO PAGE XXX.

Check your learning 5.2
Remember and understand
1 When melted chocolate is put in the fridge, it cools quickly producing small crystals that were not present before. This changes the taste of the chocolate. Is this a chemical or physical change?

2 What is the evidence for a chemical change?
3 Identify the following as physical or chemical changes.

a Melting cooking chocolate into animal shapes.
b Burning magnesium ribbon to form a white ash.

c Boiling water and condensing  the vapour.
d Dissolving magnesium in acid to produce hydrogen gas.
e Separating leaves from woodchips using a garden blower.

Apply and analyse
4 Why is caramelisation a chemical reaction?
5 What is the evidence that baking  a cake from egg, flour and butter  is a chemical reaction?

Physical change or chemical change?
When solid chocolate is heated gradually, it melts and changes shape; when cooled, it goes back to the solid state. It may have a di�erent shape, but it is still chocolate. In this situation, a physical change has taken place because the chocolate is still the same substance: it is still made up of the same particles.

However, if you heat chocolate at too high a temperature, it burns. When it cools, it no longer tastes of chocolate, but of burnt chocolate. �is is a chemical change, because a new substance is formed that is di�erent from chocolate – you can tell by the taste and smell! �is is why most chocolate recipes suggest heating chocolate over boiling water rather than over a hot plate, so that the chocolate does not get too hot and a chemical change does not take place.
When you bake a cake, mixing the ingredients together produces a physical change. Baking the cake involves a chemical change.

Cooking often turns food brown. �is is due to the sugar in the food caramelising – turning into brown caramel. �e change forms a new substance and is not reversible. It is a chemical change. 
We can usually identify a chemical change if one of the following occurs (see Figures 5.8 to 5.11).

Chemical changes
In a chemical change, a new chemical is made. �is means that the atoms have been moved around into new arrangements. In some chemical changes, atoms can be separated to make new chemicals. Sometimes atoms and molecules join together to make new chemical substances with larger molecules. New substances have new particles and new properties. Both the physical and chemical properties of the new substance (the product) will be di�erent from those of the original substance (the reactant).

In every chemical reaction, one or more substances are changed into new, di�erent substances with di�erent physical and chemical properties. Chemical changes are usually not reversible – you cannot un-burn toast!Whether a change is physical or chemical depends on the substances, the temperature 

in many ways, such as by a change in colour, the formation of bubbles, a change in temperature or the formation of solids. In both pure elements and pure compounds, the smallest particles in the substance are all identical to each other, whether they are individual atoms or molecules made up from a particular combination of atoms. When a chemical change occurs, the original (reactant) particles are rearranged to form new substances (products) with new properties.
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produce hydrogen gas.
parating leaves from woodchips using a garden blower.

Why is caramelisation a chemical 

What is the evidence that baking a cake from egg, flour and butter 
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SKILLS LAB 1.4: OBSERVATION VERSUS INFERENCE 

GO TO PAGE 172

Scientists use observation 
and inference to answer 
questions

Observations
�e skill of observation usually requires you to 

notice small di�erences. Figure 1.18 shows two 

scenes. �ere are 10 di�erences between the 

two. Can you �nd them all?

1.4
To be good at investigating and solving problems, you need to be observant 

and notice things around you. All your senses – sight, taste, hearing, smell 

and touch – send information to your brain. Most experimental results 

are collected by making observations. Good observers make accurate 

observations and obtain accurate results. 

Figure 1.18 Use your observation skills to identify the differences 

between the two pictures.

Observations can be either quantitative 

or qualitative
Quantitative observations use measurement 

– they are quantities or ‘amounts’ and are 

normally written using numbers. Terms such 

as ‘large’, ‘small’, ‘greater than’ or ‘minimal’ 

may also be used to describe quantitative 

observations. Numbers are usually accompanied 

by units (e.g. 2.7 metres or 23.4°Celsius). 

Warmth is a measure of heat and brightness is a 

measure of light, so they are quantitative.

Qualitative observations use words to 

describe anything that isn’t an ‘amount’. 

�e �ve sense organs of the human body are 

essential for qualitative observations. What 

you see, hear, smell, taste or feel are generally 

qualitative observations. ‘Rough’, ‘sour’ and 

‘yellow’ are all words describing qualitative 

observations.

Testing your senses
�e secret to being observant is to use your 

senses. �e activities in this unit will make you 

more aware of your senses. In some activities 

you will need a blindfold. It is best to use 

safety glasses that have been painted black or 

covered with dark paper. You will not test your 

�fth sense, taste, because it is not good safety 

practice to eat in a laboratory.

• Based on this activity, which is your 

strongest and which is your weakest sense?

• Did you discover anything surprising while 

doing this activity? If so, what was it?

• Write one thing that you have learnt about 

your senses of smell, touch, sight and 

hearing.

Inferences
Scientists need to be skilled at inference as 

well as observation. An inference is a likely 

explanation of an observation. It is how you 

explain your observation. An inference doesn’t 

necessarily guarantee that something is true, 

but it is likely to be true.

Table 1.1 contains examples of observations, 

paired with possible inferences.

OBSERVATION INFERENCE

Your house smells like cooked onions 

when you get home from school
You are probably having cooked onions 

with dinner

A fabric feels like satin The fabric is either satin or something 

that feels very much like satin

You see a man running down the street The man is either running away from 

something or running to something

You hear a house alarm ringing Someone has entered the house

Lemon juice tastes sour Lemons contain an acid

Table 1.1  Some sample observations and  inferences

Check your learning 1.4

Remember and understand

1 What is an observation? Provide 

an example.

2 What is an inference? Provide an 

example.

3 What is the difference between 

quantitative and qualitative 

observations?

Apply and analyse
4 Which of the following are 

observations? Which are 

inferences?

a You smell a strong odour 

from a garbage bin.

b Coffee stays hotter if you 

add the milk before the hot 

water.

c I measured the temperature 

today at 37°C.

d It’s so hot that the 
temperature must be 37°C.

e There’s a person in a Santa 

suit. It must be Christmas.

 

f  This soup is so hot it hurts 

my teeth.

5 Which of the observations from 

question 4 are quantitative and 

which are qualitative?

Evaluate and create
6 Why don’t scientists use the 

sense of taste in a laboratory?

7 Observation and inference 

are very important tools for 

scientists. Why do you think they 

are important?

CAUTION: NEVER SMELL THINGS IN A 

TEST TUBE UNLESS YOUR TEACHER 

SPECIFICALLY INSTRUCTS YOU TO.

Figure 1.21  Test your sense of 

hearing. Sit at your desk and put on 

your blindfold. As your partner taps on 

the desk or clicks their fingers, point 

to where you think the noise is coming 

from. How good are you at finding the 

direction of a sound?

Figure 1.19 Test your sense of 

smell. Your teacher will provide you 

with some test tubes (wrapped in 

paper) lined up in a test tube rack. 

Gently smell each one by wafting the 

smell towards your nose with your 

hand. See if you can name the smell. 

Figure 1.20  Test your sense of 

touch. Wearing your blindfold, feel 

some common objects. They may be 

fruit, fabric, sandpaper, plastic or 

something else. Describe the feel 

of each and try to recognise each 

substance by its touch.
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EXPERIMENT 6.5: MICROBES ALL AROUND 

GO TO PAGE 202.

consequence of the disease.

Harmful microbes may be bacteria, 

fungi, protists or viruses. All these microbes 

can invade the body and cause disease. You 

will probably be familiar with some diseases 

caused by harmful microbes. Fungi can cause 

infections such as tinea, which is also known 

as athlete’s foot, and ear infections. Protists can 

cause malaria and dysentery. Bacteria cause 

diseases such as tuberculosis (also known as 

TB), pneumonia, legionnaires’ disease and 

cholera. Viruses can cause diseases like the 

common cold and �u, measles and herpes.

Viruses
Viruses are actually considered by most 

scientists to be non-living pathogens. 

Viruses cannot survive and reproduce outside 

a host cell.
Viruses are responsible for most of the 

common colds that we experience and cannot 

be controlled by antibiotics because they’re 

hiding inside our cells. �is also makes it much 

harder for our own immune cells to �nd and 

�ght them, so our best defence is to rest and to 

eat a healthy diet to let our bodies concentrate 

on getting rid of the viruses by themselves.

Bacterial growth
Bacteria reproduce using a process called 

binary �ssion (binary = two; �ssion = split). 

As the name suggests, a bacteria cell grows 

slightly larger and then splits in two. �is is a 

very quick process, sometimes taking as little 

as 20 minutes. �is can be represented on a 

graph such as the one in Figure 6.25.

Most bacterial growth is stopped at 

temperatures below 4°C and above 60°C. For 

this reason, your fridge should be below 4°C 

and cooked food waiting to be served should 

be stored above 60°C.

6.5

Natural flora
�e microbes that live happily in our bodies 

are referred to as natural �ora and it’s 

the balance between natural �ora and the 

microbes in our environment that we need to 

keep an eye on. �e right amount of natural 

�ora will protect us against foreign invaders, 

whereas too much of the natural �ora can 

actually make us ill. Bacteria in our intestines 

help our bodies digest food and provide 

vitamins to keep us healthy

Bacteria are single-celled 
organisms
Unicellular organisms, such as bacteria, are living in and around us all the 

time. The average adult human has 1 kilogram of non-human life inside 

their large intestine alone. Some bacteria and microbes are essential for 

keeping our body healthy and working correctly. Others can be deadly.

Microbes causing disease
We have all been sick at some stage in our 

lives and much sicker at some times than 

others. Some forms of sickness are caused by 

pathogens. A pathogen is a microorganism 

that can potentially cause a disease. With 

infectious diseases, the pathogen may be 

passed from one organism to another. Such 

diseases are said to be contagious. �e host 

is an organism, such as a human, animal or 

plant, on which another organism lives. You 

will be investigating pathogens in more detail 

in Year 9. �e symptoms of a disease are 

the changes that occur to an individual as a 

Figure 6.23 (a) Staphylococcus epidermis, (b) Staphylococcus aureus in the hair, (c) Haemophilus influenza in 

the nose, (d) Chlamydia trachamates in the eye, (e) Esherichia coli in the intestines.

Figure 6.24 (a) Trichophyton mentagrophtes, cause of ringworm and tinea; (b) a red blood cell infected 

with malarial parasites; (c) tuberculosis bacteria; (d) Rubella virus.

Figure 6.26 Human 
rhinovirus, responsible 

for the common cold. 

Viruses are much 
smaller than cells.
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Figure 6.25 The number of bacteria cells can 

double every 20 minutes.

Check your learning 6.5

Remember and understand

1 What type of microorganism does 

our digestive system rely on? What 

does this organism do?

2 What is natural flora?

3 Can natural flora ever be harmful 

to our bodies?

4 What is a pathogen? What are the 

four main groups of pathogens?

5 Why is a virus not considered to  

be living?

Apply and analyse
6 It is not recommended that food 

be left out of the fridge for more 

than 3 hours. Use binary fission to 

explain why.

a b c d

a
b

c
d

e

    Using Oxford Science  
  Oxford Science is a series developed to meet the requirements of the  Australian Curriculum: 
Science  across Years 7 to 10. Taking a concept development approach, each double-page spread of 
Oxford Science represents  one concept  and  one lesson .  

  What if?  
  Student-directed inquiry is encouraged throughout this series using 
a simple questioning technique. As the series progresses, students 
discover that their own  What if  questions are actually testable ‘ if and 
then’  hypotheses. For example, ' What if   the bubble is touched with a 
� nger' be comes  '  If   the bubble is touched with a � nger,   then   it will pop'.   

  Concept development  
  Students are given access to the chapter concepts at the start of 
every chapter. Each double-page spread of this series represents 
 one concept . Students explore concepts one-by-one encouraging 
incremental learning and, by the end of the chapter, complete 
understanding.  

The unit heading 
introduces the 
concept.

Each unit begins 
with a short 
summary of the 
concept.

Body text elaborates 
on the concept in 
clear and accessible 
language.

  Accessibility and 
engagement  
  Oxford Science has been engineered 
to be accessible to all science students. 
We believe that science students are 
served best when they are free to focus 
on learning the knowledge and skills of 
science in simple accessible language, 
crafted into short sentences. Students will 
be engaged by the inclusion of stunning 
photography throughout.  

Diagrams and photos are 
used to illustrate the concept 
and engage students.

Every spread is linked to one 
or more experiment, challenge 
or skills task as a practical 
application of the concept.

Every double-page spread 
ends with Check your 
learning questions, allowing 
students to consolidate their 
understanding. Questions are 
graded according to Bloom’s 
Taxonomy – catering for a 
range of abilities and learning 
styles.

Scientists use observation 
and inference to answer 
questions

1.4
To be good at investigating and solving problems, you need to be observant 

and notice things around you. All your senses – sight, taste, hearing, smell 

and touch – send information to your brain. Most experimental results 
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  Science as a human 
endeavour  
  Concepts are linked to real-world 
applications in the highly engaging 
 Science as a human endeavour  
spreads. � e  Extend your 
understanding  questions on this 
spread are designed to be used � exibly 
as either homework tasks or as an 
extended project.  

  Experiments  
  Uniquely, experiments are organised 
at the end of the book in an extended 
experiments chapter, rather than being 
con� ned to each double-page spread. 
� ere is a link on most double-page 
spreads to an experiment, challenge 
or inquiry task to ensure that practical 
activites remain aligned to the content.  

Integrated teaching 
and learning support

   o  book assess  provides an interactive 
electronic version of the student book in an 
easy-to-read format. It features multimedia 
links, interactive learning objects, videos, 
note-taking, highlighting and bookmarking 
tools, and live question blocks.  o  book  is 
compatible with laptops, iPads, tablets 
and IWBs, and also o� ers page view (in 
� ipbook format) that can be used o�  ine. 
 assess  provides 24/7 online assessment 
designed to support student progression 
and understanding.  

Oxford Science is supported by t  eaching 
strategies, lesson ideas, planning tips, 
assessment advice and answers to all 
activities.  o  book assess  allows teachers to 
manage their classes by assigning work, 
tracking progress and planning assessment.  
Teacher Dashboard is your online lesson 
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Modern chemistry
�is new understanding encouraged scientists to �nd out more and more about these tiny particles, eventually leading to the branch of science now called chemistry.

We can add some new ideas to Dalton’s list to help us explain matter.
> Particles are too small to be seen.> Particles are always moving. When it is hotter, the particles move faster; when it is cooler, the particles move slower.> Particles have mass.

> Particles can join to make larger particles. When they combine, their masses add together.
> �ere are spaces between particles.> Forces hold particles together to stop them from separating.

All these ideas or rules explain how particles act in real substances. �e real particles follow these rules in all substances.

Scientists’ understanding of matter has developed over thousands of years

4.2
Science involves developing hypotheses, testing them with reproducible experiments and modifying ideas. When an idea becomes supported by all the current evidence, then it becomes a theory. The particle theory of matter has been tested and refined by scientists for more than 2000 years.

// S C I E N C E  A S 
A  H U M A N  E N D E A V O U R //

Democritus
Over 2400 years ago, Democritus, a Greek philosopher, put forward the idea that that all matter is made up of particles. He proposed that if you were to cut up these particles into smaller and smaller pieces, you would eventually have tiny particles that could not be cut up any more. Democritus called these particles atomos, which is Greek for ‘indivisible’. �is is the origin of the word atom.

John Dalton
It was not until more than 2000 years later, in the early 1800s, that the Englishman John Dalton developed Democritus’s idea further. Dalton’s ideas were based on the results of experiments performed by many earlier chemists. Dalton studied these results and proposed a model to explain them. His model was that matter is made of particles.

Dalton’s ideas are outlined below.> All matter consists of tiny particles called atoms.
> Atoms cannot be created or destroyed, and are indivisible.
> All atoms of the same element are identical, but di�erent from atoms of other elements.> When atoms combine to form compounds, each atom keeps its identity.

> Atoms combine to form compounds in simple whole number ratios. For example, hydrogen and oxygen combine in a ratio of 2:1 to form water, now written as H
2O.

Figure 4.4 Democritus (c. 460–370 BCE) proposed that all matter is made of atoms.

Figure 4.5 John Dalton (1766–1844) developed Democritus’s ideas about particles.

H2O

Figure 4.6 A glass of water is made of molecules. Each molecule contains two hydrogen atoms and one oxygen atom.

Extend your understanding1 What was the major difference between the ideas proposed by Democritus and Dalton?
2 How is an ‘idea’ different from a ‘theory’?
3 Consider a school assembly. Everyone is sitting quietly in their seats in rows. When the assembly finishes, there is a crowd at the doors pushing to go through them to leave. When outside, the students run off in all directions as fast as they can. Explain which parts of this analogy represent a solid, a liquid and a gas.

4 Some people use analogies or models to compare states of matter. What states do the following situations most closely represent?
a A swarm of bees crawling over each other.
b A thousand tennis balls tidily arranged in a large cardboard box.c Eggs in trays in a large egg container.

d A school of fish darting in all directions as they avoid a predator.

Gases
The particles are far 
apart and move quickly on their own. They spread out to fill the space 
available to them.

Solids
The particles are close together. They are held in a regular arrangement and vibrate around 

a fixed point.

Liquids
The particles are close together, but they can 
move and slide over 
each other.
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All matter consists of tiny particles called atoms.
> Atoms cannot be created or destroyed, and are indivisible.
> All atoms of the same element are identical, but di�erent from atoms of other elements.> When atoms combine to form compounds, each atom keeps its identity.

> Atoms combine to form compounds in simple whole number ratios. For example, hydrogen and oxygen combine in a ratio of 2:1 to form water, now written as H
2O.

Figure 4.5 John Dalton (1766–1844) developed Democritus’s ideas about particles.

Extend your understanding1 What was the major difference between the ideas proposed by Democritus and Dalton?
2 How is an ‘idea’ different from a ‘theory’?
3 Consider a school assembly. Everyone is sitting quietly in their seats in rows. When the assembly finishes, there is a crowd at the doors pushing to go through them to leave. When outside, the students run off in all directions as fast as they can. Explain which parts of this analogy represent a solid, a liquid and a gas.

4 Some people use analogies or models to compare states of matter. What states do the following situations most closely represent?
a A swarm of bees crawling over each other.
b A thousand tennis balls tidily arranged in a large cardboard box.c Eggs in trays in a large egg container.

d A school of fish darting in all directions as they avoid a predator.
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EXPERIMENT

Method
1 Place a piece of filter paper on the 

electronic balance and then place a 

quarter of an eggshell onto the filter paper. 

Measure and record the combined mass. 

Remove the filter paper and record the 

mass of the egg shell.

2 Place the eggshell into a small beaker and 

add 5.0 mL of hydrochloric acid. Record 

the time.
3 Stir the eggshell and the acid occasionally.

4 Time how long it takes for the reaction  

to stop.
5 When the reaction stops, filter the remaining 

solution using the original filter paper.

6 Allow the filter paper to dry overnight and 

measure the mass.

Effect of particle size on 
reaction rates

7 Now grind a quarter of the eggshell into very 

small pieces using the mortar and pestle.

8 Place another piece of filter paper onto 

the electronic balance and then place the 

ground-up eggshell onto the filter paper. 

Measure and record the combined mass. 

Remove the filter paper and record the 

mass of the filter paper.

9 Place the ground up eggshell into a small 

beaker and add 5.0 mL of 1 M HCl. Record 

the time.
10 Stir the eggshell and the acid occasionally.

11 Time how long it takes for the reaction  

to stop.
12 When the reactions stops, filter the 

remaining solution using the original  

filter paper.

13 Allow the filter paper to dry overnight and 

measure the mass.

14 Calculate the mass lost in the first reaction 

by subtracting the mass of the filter paper 

after the reaction from the combined 

starting mass.

15 Calculate the percentage of calcium 

carbonate in the quarter of the eggshell 

using the formula below.

16 Repeat these calculation for the ground  

up eggshell.

Results
Draw an appropriate table for your results.

Discussion
1 Which form of eggshell dissolved faster – 

the large piece of eggshell or the ground-up 

eggshell?
2 Why is stirring necessary?

3 Did grinding up the eggshell change the 

amount of calcium carbonate in it?

Conclusion
What do you know about how particle size 

affects reaction rate?

5.4A
Aim

To observe how 
particle size 
affects the rate of a 
reaction.

Materials
> Dried eggshells

> Mortar and 
pestle

> Electronic 
balance

> Pieces of filter 
paper

> Two small 
beakers

> 10 mL graduated 
cylinder

> Dilute 
hydrochloric acid 
(1 M HCl)

> Stirring rod

> Stopwatch

Figure 9.44 Grinding the eggshells creates 

smaller particles.

Figure 9.43 Weighing the eggshells allows you 

to calculate the mass lost in the reaction.

Discussion
1 Do magnesium and magnesium oxide have 

the same physical properties?

2 Do magnesium and magnesium oxide have 

the same chemical properties?

Conclusion
What do you know about the physical and 

chemical properties of reactants and 

products?

EXPERIMENT

Method
1 Examine each sample by looking and 

carefully moving the sample in the bottom 

of a test tube. Record your observations in 

your table.

2 Add 10 mL of 1 M hydrochloric acid into 

each test tube in the test tube rack.

3 Observe any reactions. Record your 

observations in Table 9.16.

Results
Write a short statement describing each 

sample and how it reacted with acid.

Comparing reactants and products
5.3

Aim
To examine the 
physical and 
chemical properties 
of reactants and 
products.

Materials
> Piece of 

magnesium 
ribbon (1 cm)

> One pea-sized 
sample of 
magnesium 
oxide powder

> 20 mL of 1 M 
hydrochloric acid

> Two test tubes 
and test tube 
rack

Table 9.16

SUBSTANCE COLOUR STATE SHINY/DULL REACTION WITH ACID

Magnesium

Magnesium oxide

CAUTION! SOME 
STUDENTS MAY HAVE 
EGG ALLERGIES.

Mass lost in the first reaction

Starting mass of first reaction
´

100

1

control centre, which allows you to instantly 
preview or assign related teacher resources to 
deliver incredibly engaging digital learning 
experiences. Students can also toggle from 
their obook to the Dashboard to interact with 
student resources for each topic.
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Rocks have different 
properties

   2 
 ROCKS AND 

MINERALS   
              

Rocks are studied 
by geologists

Weathering and erosion can 
be prevented

The rock cycle causes rocks 
to be re-formed

Metamorphic rocks 
require heat and pressure

Sedimentary rocks 
are compacted sediments

Igneous rocks develop from 
magma and lava

Rocks are made up of minerals

2.1

2.2

2.4

2.5

2.6

2.7

2.8

2.9

Minerals are a valuable resource2.3

Rocks are made up of minerals

Minerals are a valuable resource

Rocks are made up of minerals

Minerals are a valuable resource

Rocks are made up of minerals

Minerals are a valuable resource

  What if?  
   Rocks  

 What you need:  
selection of different rocks for 
each group  

   What to do:      
1      Divide into groups of four.   
2      Examine each rock carefully. 

Identify the properties that the 
rocks have in common and the 
different features of each rock.   

3      Group the rocks according to 
their similarities. Give each 
group a name that helps identify 
the rocks.   

4      Record the names and the 
properties of the rocks on a 
piece of paper.      

   What if?   
  What if another group were 
given your rocks? Could they use 
the properties you identified to 
separate the rocks into the same 
groups?  
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18 OXFORD SCIENCE 8 AUSTRALIAN CURRICULUM

Figure 2.1 Weight 
and density are less 
if rocks contain large 
gas holes that were 
produced when the rock 
was formed. In pumice, 
the holes can be the size 
of a match tip or smaller. 
In scoria, the holes are 
often the size of a pea.

2.1

Identifying and selecting 
rocks
We select rocks for particular purposes because of 
their properties. For example, granite is selected 
for kitchen benchtops because it is the hardest 
building stone, it is not porous (it does not let 
liquid through), it is not a�ected by temperature 
and it is resistant to damage from chemicals.

You can identify rocks �rst by how they 
look. Coal is black or dark brown. Pumice and 
scoria are covered with holes. Conglomerates 
are made up of individual stones cemented 
together. Granite is made up of large crystals of 
the minerals quartz, mica and feldspar.

Geologists also use a range of other 
properties to help identify rocks, such as 
colour, layering, weight and the presence of 
crystals or grains (see Figures 2.1 to 2.5).

Table 2.1 lists some di�erent types of rocks 
and how they can be identi�ed.

Rocks don’t all look and feel the same. Each rock has characteristics 
that give clues to its identity, such as its colour or hardness. These 
characteristics are referred to as properties. By making careful 
observations of a rock’s properties, geologists (scientists who study rocks) 
can tell where a rock came from and what has happened to it.

Rocks have different 
properties

Figure 2.2 Layers in rocks can look very 
different. Some rocks have different-coloured 
layers that line up like ribbons. Gneiss usually 
has alternating layers of colours, often black 
and white. Sandstone has layers of different-
sized grains of sand. Wind or water distributes 
the sand so that the rock ends up being different 
shades of the same colour.

Figure 2.3 Colour is a property that depends 
on the chemicals in the rocks. For example, 
some red rocks contain a lot of iron, which has 
reacted with oxygen in the air (‘rusted’) to form 
red iron oxide. Other red rocks don’t contain 
iron, so a rock cannot be identified solely by its 
colour.
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ROCKS AND MINERALS 19

Check your learning 2.1
Remember and understand
1 Use Table 2.1 and Figure 2.6 to name 

these rocks.
a  I am light in colour with a fine 

grain. I am considered soft.
b I am light in colour with holes in 

the surface.
c  I am soft, shiny and dark in colour. I 

am often used for flooring.
d  I have mixed grains and my colour 

can vary.
2 What properties are used to identify 

different types of rocks?

3 Name two different uses for different 
types of rocks.

4 Why must properties other than colour 
be used to identify a rock?

5 What branch of science is the study of 
rocks?

Apply and analyse
6 Pumice has a density of 0.6. Water has 

a density of 1. Would you expect the 
pumice stone to float or sink? Explain 
your reasoning.

Figure 2.5 Grains are small pieces of 
material. The size of the grain can be used to 
identify the type of rock. Large grains (larger 
than a grain of rice) are said to be coarse. 
Smaller grains that can still be seen with the 
eye are medium grained. Fine grains cannot be 
seen without a microscope.

Figure 2.4 Crystals are small pieces of 
organised particles that have smooth sides and 
sharp edges. They are usually just one colour 
and often reflect light off their flat surfaces. 
Crystals in a rock can be different sizes.

Table 2.1 Rock identification.

ROCK GRAIN SIZE HARDNESS USUAL COLOUR DENSITY

Basalt Fine or mixed – Dark 2.8–3
Coal Fine Soft Dark 1.3
Conglomerate Mixed Hard or soft – –
Gneiss Coarse Hard Alternating light and dark bands 2.6–2.3
Granite Coarse Hard Light 2.6–2.7
Limestone Fine Soft Light 2.3–2.7
Marble Coarse Soft Light 2.4–2.7
Obsidian Fine Medium Dark 2.6
Pumice Fine Soft Light 0.6
Quartzite Coarse Hard Light 2.6–2.8
Rhyolite Fine Hard Light 2.4–2.6
Sandstone Coarse Hard Light 2.2–2.8
Schist Medium to coarse Medium Medium 2.5–2.9
Scoria Fine – Dark 0.9
Shale Fine Soft – 2.4–2.8
Slate Fine Soft Dark 2.7–2.8

Figure 2.6 These are some of 
the many different types  
of rocks.

QUARTZITE
Coarse grain, 

hard, 
light colour

OBSIDIAN
Fine grain, 
medium,

dark colour

CONGLOMERATE
Mixed grain, 
hard or soft,
colour varies

COAL
Fine grain, soft, 

dark colour

LIMESTONE
Fine grain, soft,

light colour

SLATE
Fine grain, soft, 

dark colour

GRANITE
Coarse grain, 

hard, light colour

SCORIA
Fine grain,  
dark colour

PUMICE
Fine grain,
soft, light 

colour

SHALE
Fine grain, 

soft

BASALT
Fine or mixed 

grain, dark colour

MARBLE
Coarse grain, 

soft, light colour

SANDSTONE
Coarse grain, 

hard,  
light colour

GNEISS
Coarse grain,

crystals 
in layers

SCHIST
Medium to coarse 

grain, layers, 
splits easily

RHYOLITE
Fine grain, often 
larger crystals,

light colour

SKILLS LAB 2.1: IDENTIFYING ROCKS 
GO TO PAGE 160.
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20 OXFORD SCIENCE 8 AUSTRALIAN CURRICULUM

        2.2  

   Properties of minerals  
  Minerals are found as crystals.   

   � e structure of a crystal greatly 
in� uences a mineral’s properties. 
For example, diamond and 
graphite have the same 
chemical composition – they 
are both pure carbon. Graphite 
(which is the ‘lead’ in a pencil) 
is very soft, whereas diamond 

is the hardest of all minerals. 
� is di� erence arises because 

the carbon particles in a graphite 
crystal are arranged into sheets that 

can slide past each other, whereas the 
carbon particles in a diamond crystal 

form a strong, interlocking unit.   

     Identifying minerals  
  To identify minerals correctly, geologists 
carefully examine the properties of rocks.  

  � e colour of a mineral is a guide to 
identifying it, but it cannot be relied on for 
correct identi� cation. Colour is not a reliable 
property because many minerals are impure. 
For example, pure quartz is colourless, but if 
it contains impurities it can be many colours, 
such as purple (amethyst), pink (rose quartz) or 
yellow (citrine). Even in one sample, the colour 
may vary.   

   Lustre  is the shininess of the surface of the 
mineral. Some types of lustre are:   

 >      metallic – looks like a shiny new coin   
 >      brilliant – very shiny, like a mirror   
 >      pearly – a bit shiny, like a pearl or � ngernail   
 >      dull – not shiny at all   
 >      earthy – looks like a lump of dirt.     

Rocks are made up of 
minerals  
   Rocks are made up of one or more minerals. A  mineral  is a naturally 
occurring solid substance with its own chemical composition, structure 
and properties. There are more than 4000 minerals known, but only 
approximately 150 of these are common.   

Figure 2.7 The individual 
mineral crystals of the 
rock olivine basalt can be 
seen under a microscope.

Figure 2.8 (a) The carbon atoms in the mineral 
graphite are arranged in sheets. (b) In a diamond, 
the carbon atoms are interlocked.

Figure 2.9 The lustre of a mineral describes 
its shininess.

a

b
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ROCKS AND MINERALS 21

    Check your learning 2.2  
  Remember and understand   
1      Define:    

a    hardness   
b      lustre   
c      streak   
d      cleavage.    

2    What does it mean if a mineral has 
a hardness of 1 on the Mohs scale?   

3    Name a mineral that has a Mohs 
hardness of 10.   

4    How would you describe the lustre 
of gold?    

  Apply and analyse   
5      Obsidian has a hardness of 6 on 

the Mohs scale and was prized by 
ancient peoples for its sharp edge. 
Describe what type of minerals 
would damage the sharp edge of 
an obsidian blade.  

    Streak  is the colour of the powdered or 
crushed mineral. � is colour can be seen by 
drawing with the mineral on a footpath. � e 
colour of the line that the mineral leaves behind 
is its streak. Often the colour of the streak is 
di� erent from the main colour of the mineral.  

   Hardness  is how easily a mineral can be 
scratched. Some minerals are so soft that they 
can be scratched with a � ngernail. Other 
minerals are so hard that they can scratch 
glass. A hard mineral can scratch a soft mineral 
and not get scratched itself. Austrian geologist 
Friedrich Mohs (1773–1839) invented a scale to 
describe the hardness of a mineral. Mohs gave 
a hardness number to ten common minerals 
(see Table 2.2): the softest mineral, talc, has a 
hardness of 1; the hardest mineral, diamond, 
has a hardness of 10. � ese minerals can be 
used to � nd the hardness of any other mineral.   

  A mineral will scratch another mineral with 
a lower hardness number but not one with a 
higher hardness number. A mineral will be 
scratched by another mineral with a higher 
hardness number but not one with a lower 
hardness number. So, copper (hardness 3.5) 
will be scratched by � uorite (hardness 4), but 
not by calcite (hardness 3). Copper will scratch 
calcite. Fingernails have a hardness number 
of 2.5; iron nails and a glass microscope slides 
have a hardness number of 6.5.  

               Table 2.2 The Mohs scale of mineral hardness. 
Every mineral will scratch the minerals above it.

HARDNESS MINERAL

1 Talc
2 Gypsum
3 Calcite
4 Fluorite
5 Apatite
6 Feldspar
7 Quartz
8 Topaz
9 Corundum
10 Diamond

   Cleavage  is the tendency of a mineral 
to break into a number of smooth planes. 
Minerals that demonstrate cleavage look like 
thin slabs stuck together.  

  Mica breaks in one direction into � at layers, 
like the pages in a pile of papers. Calcite breaks 

along three cleavage planes: left and right, front 
and back, and top and bottom.   

   Several minerals have unusual properties. 
Some minerals � uoresce in ultraviolet (UV) 
light: these minerals absorb UV light, which 
we cannot see, and emit it as visible light, 
which we can see. Calcite is a transparent 
mineral. When you look through it, you see a 
double image.   

SKILLS LAB 2.2: TESTING THE HARDNESS OF COMMON SUBSTANCES
GO TO PAGE 160.

Figure 2.11 Calcite is a 
transparent mineral.

Figure 2.10 Mica has 
one cleavage plane – it 
breaks into thin sheets 
of rock.

double image.   

02_SIL_OXSCI8_00890_TXT_SI.indd   21 22/05/15   12:51 PM

SAMPLE



22 OXFORD SCIENCE 8 AUSTRALIAN CURRICULUM

          2.3  

   Mineral resources  
  Australia is rich in mineral resources. It is the 
world’s leading producer of lead, bauxite and 
alumina, diamonds (by volume), ilmenite, 
rutile and zircon (and synthetic rutile) and 
tantalum. It is the second largest producer of 
uranium, zinc and nickel; the third largest 
producer of iron ore, lignite, silver, manganese 
and gold; the fourth largest producer of black 
coal and copper; and the � fth largest producer 
of aluminium. Worldwide demand for mineral 
resources is high, particularly due to increased 
demand from China as it becomes more and 
more industrialised.  

               Table 2.3 Important ores and the metals 
they contain.

ORE METAL

Bauxite Aluminium
Cassiterite Tin
Chalcopyrite Copper
Cinnabar Mercury
Galena Lead
Haematite, limonite Iron
Malachite, azurite Copper
Molybdenite Molybdenum
Pentlandite Nickel
Pitchblende Uranium
Rutile Titanium
Sphalerite Zinc

  Gold  
  Australia’s mineral resources have always been 
in big demand. During the 1850s, after gold 
was discovered in Bathurst, New South Wales, 

hundreds of thousands of people migrated 
to Australia to take part in the Gold Rush 
in Victoria and New South Wales. During 
this time, Australia’s economy boomed. Gold 
is chemically stable, so it is almost always 
found as pure gold. � is means that it can 
be collected without having to be smelted or 
re� ned. Gold is used in jewellery, in � ne wires 
in electronics, as � llings for teeth and, because 
of its re� ective properties, to protect satellites 
and spacecraft from solar radiation.    

  Mineral sands  
  Australia is an old continent that is rich in 
mineral sands. Mineral sands are old beach 
sands with signi� cant concentrations of heavy 
minerals, such as rutile, zircon and ilmenite. 
Rutile is a rich source of titanium dioxide, 
which is used as a pigment in paints, plastics 
and paper. You may have seen glass jars of 
mineral sands that are often sold as souvenirs.   

     Copper  
  Copper was the � rst metal to be used by 
humans. In Australia, copper is found as the 
mineral chalcopyrite in rocks that are over 250 
million years old. Copper is a good conductor 
of electricity and is used in electrical generators 
and motors, for electrical wiring and in 
electronic goods, such as televisions. Copper 
is also used for water pipes because it does not 
corrode easily.    

  Recycling minerals  
  Earth’s mineral resources are � nite – they are 
not renewed. However, they can be recycled. 
For example, aluminium can be recycled 

Minerals are a valuable 
resource  
   Minerals are an important source of metals and other materials. An  ore  is a 
mineral with a large amount of a useful metal in it. Some minerals, such as 
iron ore, have to be treated before they can be used. Some important ores 
and the metals they contain are listed in Table 2.3.   

Figure 2.12 Coloured 
sands indicate the 
concentrations and types 
of minerals they contain.
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EXPERIMENT 2.3: TESTING THE MINERALS IN TOOTHPASTE 
GO TO PAGE 161.

Check your learning 2.3
Remember and understand
1 What is a mineral?
2 What is an ore?
3 Name two uses of copper.
4 What are five of Australia’s most 

important minerals?

Apply and analyse
5 Use the graph in Figure 2.15 to 

describe how the global demand for 
mined copper will change after 2042. 
Suggest a reason for this change  
in demand.

over and over again. A lot of energy is used to 
produce aluminium from bauxite, but once 
the metal has been re�ned it can be recycled 
inde�nitely. Recycling aluminium uses only  
5 per cent of the energy needed to produce the 
same quantity of aluminium from bauxite. So 
recycling aluminium saves us from having to 
use coal to produce energy in power stations, 
which reduces the emission of greenhouse gases 
into our atmosphere.

Mobile phones and minerals
Many electronic devices such as mobile phones 
use the minerals niobium and tantalum. 
�ese minerals are found in the ore coltan, 
which is mined in the Congo River Basin in 
Africa. Unfortunately, this forest region is 
also home to endangered gorillas and mining 
is threatening their habitat. Recycling the 
minerals in old mobile phones helps to reduce 
the impact of mining on the ecosystem in  
this region.

Figure 2.13 The minerals in mobile phones can  
be recycled.

MINERALS IN 
TOOTHPASTE
Toothpaste contains a variety of 
minerals that perform different roles 
when cleaning your teeth. Fluorite 
(calcium fluoride), found in granite and 
limestone, makes teeth more resistant 
to decay. Mica reflects light and is used 
in toothpaste, paints, roofing and rubber 
products to make them sparkle. Silica, 
mined from sand, makes the toothpaste 
thicker and sodium carbonate is used as 
a whitening agent.

Figure 2.14 Toothpaste contains minerals 
that help clean your teeth.
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Figure 2.15 Global demand for mined copper is 
projected to continue to increase.
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         2.4

   Magma and lava  
  � e term ‘igneous’ comes from the Latin 
word  ignis , which means ‘� re’. � e hot, molten 
rock inside the Earth is called  magma  and its 
temperature can be more than 1200°C. � e 
magma chamber under a volcano is the source 
of molten rock for the volcano (Figure 2.16).   

   In a volcanic eruption, the red-hot magma 
rushes out onto the surface of the Earth as 
 lava . � e cooler conditions at the Earth’s 
surface help to solidify the lava quickly. 
Igneous rocks also form from magma under 
the ground. � ese igneous rocks look quite 
di� erent from those formed on the Earth’s 
surface because they cool much more slowly.    

  Intrusive igneous rocks  
   Intrusive igneous rocks  form slowly beneath 
the surface of the Earth when magma becomes 
trapped in small pockets. � ese pockets of 
magma cool slowly underground (sometimes 
for millions of years) to form igneous rocks. 
� e longer it takes for lava to cool, the bigger 
the rock crystals that grow. Intrusive igneous 
rocks have large crystals locked together. 
Granite is an intrusive igneous rock in which 
the crystals can be seen with the naked eye. 
Although formed underground, intrusive 
igneous rocks reach the Earth’s surface when 
they are either pushed up by forces in the 
Earth’s crust or uncovered by erosion.   

  Igneous rocks develop 
from magma and lava  
   Rocks are broadly classified according to how they are formed. The three 
main types of rocks – igneous, sedimentary and metamorphic – form in 
different ways.  Igneous rocks  form when magma and lava from volcanic 
eruptions cool and solidify.   

Slow uplift to surface

Metamorphic rock

Magma

Melting

Extrusive igneous rock

Intrusive 
igneous rock

Figure 2.16 Igneous rocks are formed from volcanic magma.

Figure 2.17 Granite is an intrusive igneous rock.
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EXPERIMENT 2.4: WHAT AFFECTS CRYSTAL SIZE? 
GO TO PAGE 162.

Check your learning 2.4
Remember and understand
1 What does the term ‘igneous’ 

mean?
2 How do igneous rocks form?
3 What type of rock is produced by 

magma that cools deep below the 
Earth’s crust?

4 Name an igneous rock that would 
float on water.

Apply and analyse
5 The ancient civilisations that 

discovered obsidian had a 
competitive advantage over those 
who didn’t. Explain why.

Extrusive igneous rocks
Lava cools much more quickly on the 
surface of the Earth. �is causes it to form 
extrusive igneous rock. Because the lava is 
cooling much more quickly than the magma 
underground, the crystals that are formed are 
small. Sometimes, the lava cools so quickly 
that no crystals are formed. For example, 
pumice has no crystal structure. Pumice forms 
when hot, gas-�lled lava cools very quickly. 
�e many tiny holes in pumice are formed by 
volcanic gases escaping from the cooling lava 
(see Figure 2.18). It has so many holes that 
it is extremely light and can �oat on water. 
Pumice stones are used to scour hard skin from 
feet, and powdered pumice is found in some 
abrasive cleaning products.

Figure 2.18 Pumice contains many holes, which 
make it light enough to float on water.

Figure 2.19 Basalt comes in different forms: (a) 
bluestone, (b) scoria and (c) obsidian.

Obsidian is a smooth, black rock that looks 
like glass. It is formed when lava cools almost 
instantly and forms no crystals. Obsidian is 
used to make blades for surgery scalpels; the 
resulting blades are much sharper than those 
made from steel.

a

b

c

The different forms of basalt
Magma can solidify into many di�erent 
igneous rocks, which can vary in appearance. 
�is is because of how igneous rocks form and 
what they are made of.

Basalt is the most common type of rock in 
the Earth’s crust. Most of the crystals in basalt 
are microscopic or non-existent because the 
lava cools so quickly that large crystals do  
not form.

We commonly think of basalt as the 
building product bluestone. However, basalt 
can look di�erent depending on the type of 
volcanic eruption that produced it and how 
quickly it cooled. Scoria is a type of basalt that 
is full of bubble holes. �e lava was �lled with 
gases when it began to cool and the holes in 
the scoria are where the gas bubbles once were. 
Scoria is a light rock that is often used for 
garden paths and as �ll in drainage trenches.
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The chemicals help cement the grains 
together once the water has evaporated.

Sediments are deposited in layers called beds.

The grains of sediment in lower layers begin 
to squash together.

Chemicals that are dissolved in the water 
can soak into the sediments.

   � e names of some sedimentary rocks 
are clues to the sediments that formed 
them – sandstone, mudstone, siltstone and 
conglomerate are all types of sedimentary 
rock. Sandstone is made up of sand deposited 
in environments such as deserts and beaches. 
Conglomerate is a mixture of all sizes of rocks 
that have become cemented together.   

   Sediment  
  Over thousands or even millions of years, 
sediments form thick layers on the riverbed or 
sea � oor. Pressure from the overlying sediments 
and water squeezes out air and any gaps in 
the bottom layer. Over time, the compacted 
sediments become sedimentary rocks.   

    Sedimentary rocks  are formed when loose particles are pressed together 
(compacted) by the weight of the overlying sediments. Sediments are rock 
particles, such as mud, sand or pebbles, that are usually washed into rivers 
and eventually deposited on the riverbed or in the sea. Sediments can also 
come from the remains of living things, such as plants and animals.   

  Sedimentary rocks are 
compacted sediments            2.5

Figure 2.21 Sedimentary rocks form over long 
periods of time.

Figure 2.20 Shale (or 
mudstone) is the most 
common sedimentary 
rock. Shale is a fine-
grained sedimentary 
rock made up of clay 
minerals or mud. This 
specimen clearly shows 
the layers of sediments 
that were compacted to 
form this rock.

Figure 2.22 Sandstone is a popular building 
material. This ancient temple of Abu Simbel in 
Egypt was carved directly into the sandstone rock.

Figure 2.23 Conglomerate rocks have grains of 
different sizes. The sediments for these rocks were 
deposited in fast-flowing rivers during flooding or 
by glaciers.
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Check your learning 2.5
Remember and understand
1 How do sedimentary rocks form?
2 How do stalactites and 

stalagmites form?
3 How do chemical sedimentary 

rocks form?

Apply and analyse
4 A student claims that sandstone is 

made up of sand. Do you agree or 
disagree? Explain.

5 What do plants have to do with 
coal?

Biological rocks
Sedimentary rocks are not always formed 
from the sediments of minerals or other rocks. 
�e remains of living things also break down 
and are deposited as sediments. Shells and 
hard parts of sea organisms break down and 
are deposited in layers on the ocean �oor. 
Eventually, they become cemented together 
under pressure to form limestone.

�e compaction of dead plant material can 
also help form sedimentary rocks. For example, 
coal is formed from dead plants that were 
buried before they had completely decayed. 
Pressure from the layers above can change the 
plant material into coal or oil.

Chemical rocks
Chemical sedimentary rocks form when water 
evaporates, leaving behind a solid substance. 
When seabeds or salt lakes, such as Lake 
Eyre in South Australia, dry up, they leave a 
solid layer of salt behind. If the layer of salt 
is compressed under the pressure of other 
sediments, it may eventually form rock salt. 

Limestone caves
When groundwater passes over limestone, 
it can dissolve calcium carbonate from the 
limestone. When the water evaporates, it leaves 
behind the calcium carbonate. Various rock 
formations in caves are formed by this method.

�e amazing long strands of rock found 
on cave �oors and ceilings are composed of 
calcium carbonate from the limestone ceiling 
of the cave. A stalagmite grows from the �oor 
towards the ceiling (they ‘might’ reach the 
ceiling one day) and a stalactite grows down 
from the ceiling (they hold on ‘tight’). If these 
formations meet in the middle, then they form 
a column.

Stalagmites and stalactites form when 
limestone rocks are dissolved by acids in 
water. �e acid and dissolved limestone form 
a solution that drips through the ceiling of the 
cave and is deposited on the stalagmites and 
stalactites, gradually increasing their width 
and length. It is important that visitors to 
limestone caves do not touch the stalactites 
and stalagmites because they are generally 
still forming. Oil from skin can interfere with 
stalagmite and stalactite formation.

Figure 2.25 Stalagmites and stalactites form in limestone caves.

Figure 2.24 Coal is formed from dead plant material.

EXPERIMENT 2.5: MAKING SEDIMENTARY ROCKS 
GO TO PAGE 163.
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         2.6  

Recrystallisation occurs when the crystals are 
squeezed together so tightly that they partially 
melt and form fewer, but larger, crystals. For 
example, when granite is squeezed under high 
pressure, the crystals change and the rock 
gneiss is formed (see Figure 2.27).   

   Metamorphic rocks are stronger than the 
original material because the particles have 
been fused together under great pressure 
or heat.   

   Change in appearance  
  � e combination of high 

temperatures and pressures causes 
di� erences in the appearances 
of the metamorphic rock. 
(Metamorphism means ‘change 
in form’.) As you go deep 
underground, the temperature 
gradually increases. Miners 
in the West Wits mine� eld in 

South Africa, who work up to 
3.9 kilometres below ground, 

report temperatures as high as 60°C. 
Temperatures can get much higher 

anywhere magma intrudes.   
  � e pressure of the earth above the rock 

also contributes to the di� erent appearance of 
metamorphic rocks. Bands can occasionally be 
seen in metamorphic rocks formed under high 
pressure. Sometimes the pressure is uneven, 
causing the rock crystals to twist. � is is called 
 foliation .   

       Change in the minerals  
  Metamorphic rocks also change chemically. 
Some metamorphic minerals (sillimanite, 
kyanite and garnet) only form at high 
temperatures and pressures. � ey are called 
 index minerals  because they can tell us the 
history of what happened to the minerals – the 
temperature and pressure they were exposed 
to.  Other minerals, such as quartz, can 
withstand the high temperatures and pressures 
and can sometimes be found in metamorphic 
rocks. � e heat and temperature can cause 
some crystals to change their size and shape. 

    Metamorphic rocks  are formed when other types of rocks are changed by 
incredible heat and pressure inside the Earth. When igneous, sedimentary 
or even metamorphic rocks are heated to extreme temperatures by magma, 
or when they are placed under extreme pressure from the layers of rocks 
above them, they can change into different types of rock.   

Metamorphic rocks 
require heat and pressure  

Figure 2.26 Foliation 
occurs when rock is 
subjected to uneven 
pressure.

Figure 2.27 When granite (a) is subjected to 
high heat or pressure, it can change into the 
metamorphic rock known as gneiss (b). The 
bands on gneiss show that the crystals have been 
squeezed together under immense pressure.

a

b
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EXPERIMENT 2.6: MAKING A METAMORPHIC ROCK 
GO TO PAGE 164.

Check your learning 2.6
Remember and understand
1 How do metamorphic rocks form?
2 Where do metamorphic rocks form?
3 A student claimed that a rock had 

to be igneous because it had quartz 
crystals. Are they correct? Explain.

4 Describe a foliated rock.

Apply and analyse
5 Which type of rock is stronger: 

sandstone or marble? Explain your 
reasoning.

Figure 2.28 Slate cleaves 
easily into flat sheets 
because of its flat, 
parallel crystal structure. 
This makes it a useful 
material for floor and roof 
tiles and as the base for 
billiard tables.

Figure 2.29 The Taj 
Mahal in India is 
made of marble, the 
metamorphosed form of 
limestone. With its dense 
composition and beautiful 
patterns, marble is also 
a popular material for 
sculptures and kitchen 
benchtops.
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     Physical weathering  
  Mechanical, or physical, weathering occurs when 
a physical force is applied to a rock. It includes 
the breakdown of rocks by non-living things.  

  In desert areas, the days are very hot and 
the nights are freezing cold. � is daily heating 
and cooling a� ects only the outside of the rock. 
� is is because rocks do not conduct heat very 
well. Sometimes the outside of the rock can 
peel o� , just like an onion skin. � is process is 
called  onion-skin weathering  and the round 
rocks produced in this way are called  tors .   

  When water freezes at night, it expands 
and takes up more space. When water freezes 
in the crack of a rock, it expands and pushes 
hard against the rock around it. � is can make 
the crack larger. When the ice melts during the 
warmer day, water � lls the crack again. � e next 

night, ice forms again and makes the 
crack even larger. � is process 

is repeated many times 
until part of the rock is 

split o� . � is process 
is called  frost 

shattering .   

   The  rock cycle  is an ongoing process that describes the formation and 
destruction of the different rock types.  Weathering  is the breaking down 
of rocks and minerals through the movement of water and animals, and 
the extremes of temperature.  Erosion  is the movement of the sediment to 
another area.   

The rock cycle causes 
rocks to be re-formed          2.7   

Figure 2.30 The rock cycle.

Figure 2.31 Physical weathering can include (a) 
onion-skin weathering, (b) abrasion in moving 
water and (c) frost shattering.

a

b

c
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SKILLS LAB 2.7: MODELLING THE ROCK CYCLE 
GO TO PAGE 165.

Check your learning 2.7
Remember and understand
1 Describe the different stages in 

the rock cycle. Use the rock cycle 
diagram in Figure 2.30 to assist you.

Apply and analyse
2 Write a creative story of the ‘life 

of a rock’. Rocks change with 
time, as do humans. However, 
unlike humans, rocks are never 
truly ‘born’, nor do they ‘die’ – 
they can move through the rock 
cycle, covering the same stage 
many times in many different 
ways. What life does your rock 
experience?

Chemical weathering
Chemical weathering changes the minerals in 
the rock. Carbon dioxide in the air mixes with 
the water to form a weak acid rain (a much 
weaker acid than vinegar). When the acid rain 
falls on rocks such as limestone, a chemical 
reaction changes the minerals in the rock and the 
minerals are washed way (eroded). You can see 
evidence of this type of weathering in old statues.

Figure 2.32 Chemical weathering can be 
caused by acid rain.

Figure 2.33 Biological weathering can be caused by plant roots.

Biological weathering
Biological weathering can start with a seed 
falling into a crack in the rock. Soil in the rock 
encourages the seed to grow. As the roots grow, 
they push on the cracks in the rock, eventually 
causing the rock to break.

Over time, the large rocks are broken down 
into smaller rocks, which are broken down 
into sediment. �e sediment is carried by wind 
and water to an area where it accumulates. 
Gradually, the sediment becomes buried under 
many layers, re-forming as sedimentary rock.

Heat and pressure
As more layers form on top of the sedimentary 
rock, it is put under pressure. Over time the 
layers sink deeper to where the temperatures start 
increasing. Increased temperature and pressure 
causes physical and chemical changes in the 
rock, transforming it into metamorphic rock. If 
the temperature continues to rise, the rock will 
melt, turning it into its liquid form, magma.

Magma is also put under great pressure, 
causing it to seek any available space. 
Gradually it makes its way to the surface 
where it can cool as igneous rock. Over time 
it is exposed to wind and water. �e cycle 
continues.
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Figure 2.35 Footpaths, roads and roofs affect how 
water moves around the land.
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Humans are very good at changing their environment to 
suit their needs. However, this has changed the rate of rock 
weathering and erosion. This has resulted in flooding and 
poor food production. Soil erosion engineers are helping to 
solve this problem.

// S C I E N C E  A S  
A  H U M A N  E N D E A V O U R //

Preventing erosion
�e population of Australia has been steadily 
increasing for many years and as a result we 
have needed to build more houses and grow 
more food. Building houses means building 
roads and footpaths around the houses. 
Instead of trees and grasses lining a riverbank, 
footpaths and roads can be built right up to the 
edge of the water �ow.

�e roots of plants interlace the soil, helping 
it resist the movement of wind and rain. If 
plants are removed, then the topsoil will erode. 

Rain falling on concrete paths and roads is 
not absorbed into the soil. Instead, it �ows o� 
the road and carries away further soil layers. 
�is can slowly remove the support beneath 
the built structures, causing them to collapse. 
�e loose soil and rocks can trigger damaging 
mudslides. Engineers are responsible for 
developing ways to solve this problem.

Weathering 
and erosion 
can be 
prevented

2.8 

Figure 2.34 Australia’s 
population has increased 
dramatically since the 
beginning of the 20th 
century.

Figure 2.36 Soil erosion can lead to  
many problems.
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Extend your understanding
1 What is the difference between 

weathering and erosion?
2 Name two ways erosion can 

affect food production.
3 What does a soil engineer do?
4 How could an engineer 

prevent erosion of soil by 
water?

5 Find an area near your school 
that has been affected by 
erosion. Suggest a way that 
you could prevent further 
erosion.

CHALLENGE 2.8: PREVENTING SOIL EROSION 
GO TO PAGE 166.

Figure 2.39 Terraces may be built to 
allow water to follow a set path that is 
protected from erosion by man-made 
structures such as drains, or by plants. 
This reduces the force of the water, 
making it less likely to cause damage.

Figure 2.37 Engineers try to 
minimise erosion by controlling the 
flow of water with dams and levees.

Figure 2.38 Groynes are built on 
beaches to remove some of the energy 
of the waves. They protrude from the 
beach and trap the sand, preventing  
its erosion.

Figure 2.41 Temperature erosion 
causes materials such as concrete to 
crack. Footpaths have grooves in them 
to allow for their expansion during  
hot weather.

Figure 2.42 Regular cleaning 
prevents the build-up of moss and 
pollution that might contribute to 
biological or chemical erosion.

Engineering solutions

Figure 2.40 New products have 
been developed that allow water to 
move through instead of contributing 
to run-off. This allows the water to 
be absorbed into the soil and join the 
groundwater.
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Figure 2.44 If the conditions are just right, soft 
body parts can be fossilised.
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Planet Earth is 4.5 billion years old. The events on Earth 
are recorded in the rocks. From about 570 million years 
ago, the ancestors of the different plants and animals that 
now populate Earth evolved. The remains of some of these 
life forms are captured in the rocks as fossils. Fossils allow 
specialist geologists, known as palaeontologists, to build 
up a picture of Earth’s long history.

What are fossils?
Fossils are the remains (or imprints) of animals 
or plants preserved in rock.

A fossil is evidence of life in the past. 
Fossilised evidence may be found in many 
forms, but usually consists of the hard 
parts that remain after decay – bones, teeth 
and shells. Sometimes, softer parts of an 
organism are preserved and even footprints or 
impressions of organisms are considered fossils. 
Palaeontologists study these remains to �nd 
clues about ancient life.

How do fossils form?
Fossils are usually only found in sedimentary 
rocks. �ese rocks are formed by the deposition 
of layers of sediments, such as mud, silt or 
sand. Any organism trapped in the mud and 
silt can eventually become part of the rock 
through the process of fossilisation. �e fossils 
can be uncovered when the rocks are broken 
apart or weathered away. �is process can take 
millions of years.

Extremely old rocks contain fossils of 
simple animals, whereas slightly younger rocks 
have fossils of animals with shells. Rocks that 
are younger still have fossils of �sh. Only the 
newest rocks have fossils of mammals. �e 
variety and complexity of life has increased as 
the Earth has become older.

Rocks are 
studied by 
geologists

// S C I E N C E  A S  
A  H U M A N  E N D E A V O U R // 

2.9 

Figure 2.43 Broome in Western Australia is the 
site of many trace fossils such as these footprints.
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Figure 2.45 Formation of a fossil. (a) If an 
organism dies near water, it has a greater chance 
of being covered by sediment. (b) The sediment 
protects the body from predators and weathering. 
(c) Over millions of years, more sediment 
is deposited and the remains are gradually 
transformed into sedimentary rock. (d) Years of 
geological movement, weathering and erosion may 
eventually expose the fossil.

Conglomerate

Sandstone

Shale

Limestone

Oldest rock

Youngest rock

Figure 2.46 Comparative 
dating is used to 
determine the age of 
rocks and fossils.
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     Extend your understanding   
1      What are fossils?   
2      How are fossils formed?   
3    What can fossils show us or tell us 

about the Earth’s history?   

4      What are geologists who study fossils 
called and what sorts of things do they 
do as part of their job?   

5      How do scientists find out how old a 
rock is?  

  Comparative 
dating  
  Geologists can place 
rocks and fossils into 
a date order. � ey 
work this out from 
the di� erent layers 
of sediment in rocks. 
When layers of sand or 
mud are deposited, the 
oldest sediments are 
at the bottom. Newer, 
or younger, sediments are 
deposited on top (see Figure 2.46). 
Working out the age of rocks as being 
younger or older than rocks of known age is 
called  comparative dating  or relative dating. 
It is comparative because we are comparing the 
old with the new, the bottom layers with the 
top.  

  Di� erent rocks that are the same age have 
the same type of fossils in them. � ese fossils 
are called  index fossils . � ey are used to � nd 
rocks of the same age.   

   Radioactive dating  
  � e actual age of a fossil, measured in millions 
of years, is found by looking at the amount 
of radioactivity left in rocks. For example, 
uranium (U) is a radioactive substance found 
in many rocks. It decays to lead (Pb) at a 
known rate. So, as rocks age, the amount of 
uranium decreases and the amount of lead 
increases. � e age of rocks can be calculated by 
comparing the amounts of uranium and lead 
they contain. � is is called  radioactive dating .  

  � e oldest rocks on Earth have been dated 
at 4500 million years. � is method has been 
checked using di� erent radioactive atoms. � is 
age is the same as that of meteorites that crash 
to Earth, as well as that of Moon rocks brought 
back to the Earth by astronauts.   

CHALLENGE 2.9A: USING EVIDENCE TO DEDUCE
GO TO PAGE 166.

CHALLENGE 2.9B: RECONSTRUCTING ANIMALS
GO TO PAGE 167.

Figure 2.47 This trilobite 
fossil has been dated to 
500 million years ago. The 
fossils of some trilobites 
are the size of beetles, 
whereas others are the 
size of dinner plates.

a

b

c

d
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2 Remember and understand
1 Copy and complete the following 

sentences.
a An  is a mineral with a large 

amount of useful metal in it.
b   rocks are formed when 

loose particles are pressed together 
by the weight of overlying sediments.

c   rocks are formed when 
other types of rocks are changed by 
heat and pressure inside the Earth.

d  rocks form when magma 
and lava from volcanic eruptions cool 
and solidify.

2 Define:
a lustre
b streak
c hardness.

3 What is the difference between magma 
and lava?

4 How do geologists identify minerals?
5 Why is colour not a reliable guide for 

identifying minerals?
6 What properties of gold made it valuable 

to early civilisations, such as the Incas of 
South America?

7 How would you tell the difference between 
intrusive and extrusive igneous rocks?

8 Cave systems in limestone rock follow 
the course of underground rivers. Why is 
water necessary to form caves?

9 Explain why only simple fossils are found 
in the oldest types of rocks, whereas 
younger rocks have fossils of mammals.

10 Design a flow chart of how fossils  
are formed.

Apply and analyse
11 Why do sedimentary rocks form at the 

Earth’s surface?
12 Why does pumice have no crystal 

structure even though it is a rock?
13 Explain the difference between 

weathering and erosion.

Evaluate and create
14 If you were a palaeontologist searching 

for fossils, which types of rocks would you 
look for? Explain.

15 A kitchen scourer can be used to clean 
stainless steel cutlery, but this type of 
scourer should not be used to clean 
silver-plated cutlery. Explain why.

16 Explain a way to remember which way 
stalactites and stalagmites grow.

17 Why should we recycle minerals? What 
minerals can be recycled? What forms 
can they be used in once they have  
been recycled?

18 Some famous works of art are made of 
marble. What are the properties of marble 
that make it ideal for sculpture? What are 
some of the properties of marble that may 
not make it appropriate for all works  
of art?

Critical and creative thinking
19 Some people say that Australia is a 

huge quarry. This is because Australia 
mines so many minerals and sells them. 
Working on your own, list the advantages 
and disadvantages of mining and selling 
minerals. Join with a classmate and 
combine your lists. Then join with another 
group and prepare another list containing 
the three best reasons for mining and the 
three best reasons against mining.

20 Look at Figure 2.48, which shows the 
Twelve Apostles. Use this image to 
describe how these rocks were formed. 
Prepare a poster to show how the rocks 
were formed and would have changed 
over time. How will they look in 1000 
years’ time?

21 Imagine you are a geologist who is going 
to discover minerals in a remote part of 
Australia. You will need to take a test kit 
to help you identify the minerals you find. 
What items should go into your kit to allow 
you to test for streak, hardness and so on?

R E V I E W 
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Research tasks
22 Choose one of the following topics for a 

research project. Some questions have 
been included to help you begin your 
research. Present your report in a format 
of your own choosing.
a Formation of oil

 Oil is formed from the compression 
of dead marine-plant material in mud 
over millions of years. Oil is made up of 
hydrocarbons, which are lighter than rock 
and water, so it often migrates up through 
porous rock towards the Earth’s surface.

•	 What is an oil reservoir?
•	 What conditions are needed for an 

oil reservoir to form?
•	 How is an oil field formed?
•	 In what other forms is oil found?

b Gemstones
•	  Which gemstones are found in 

Australia? 
•	 Which gemstones are dug up by 

recreational fossickers? 
•	  What do the gemstones look like?

c Extraction of metals
 Metals are extracted from ore using a 

variety of methods. Some are heated, 
some are purified using electrical energy, 
and some are extracted using chemical 
processes. Why are different metals 
extracted using different chemical or 
electrical processes? Find out how some 
metals are extracted, such as copper 
and aluminium, and design a poster that 
shows the process of extraction.

Figure 2.48 The Twelve Apostles, located off the coast of Victoria.
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cleavage
number of smooth planes a mineral  
breaks along
colour
property of rocks and minerals used to 
identify them
comparative dating
determining the age of rocks by comparing 
them to rocks of known age
crystal
small, organised particle in rocks, which 
has smooth sides and sharp edges 
erosion
movement of sediment to another area
extrusive igneous rock
rock formed at the Earth’s surface by 
quickly cooling lava
foliation
occurs when rock is subjected to uneven 
pressure
fossil
remains (or imprint) of an animal or plant 
preserved in rock
frost shattering
process of weathering in which repeated 
freezing and melting of water expands 
cracks in rocks so that eventually part of 
the rock splits off
geologist
scientist who studies rocks
grain
small rock particle; grain size can be used 
to identify rock type
hardness
how easily a mineral can be scratched; 
measured on the Mohs hardness scale
igneous rock
rock formed by cooling magma and lava
index fossil
fossil found in different rocks, that can be 
used to determine age of rocks
index mineral
a mineral that only forms under a 
particular temperature and pressure; used 
to determine the history of the mineral
intrusive igneous rock
rock formed underground by slowly cooling 
magma

layer
property of rocks used to identify them
lava
hot, molten rock that comes to the surface 
of the Earth in a volcanic eruption
lustre
shininess
magma
hot, molten rock inside the Earth
metamorphic rock
rock formed from other rock that has 
experienced intense heat and pressure
mineral
naturally occurring solid substance with its 
own chemical composition, structure and 
properties
onion-skin weathering
weathering of rock where the outside of the 
rock peels off
ore
mineral containing a large amount of  
useful metal
palaeontologist
scientist who studies fossils
property
characteristic
radioactive dating
determining the age of rocks by comparing 
the amounts of uranium and its decay 
product lead
rock cycle
process of formation and destruction of 
different rock types
sedimentary rock
rock formed from compacted mud, sand or 
pebbles, or the remains of living things 
streak
colour of powdered or crushed mineral
tor
round rocks produced by onion-skin 
weathering
weathering
breakdown of rocks and minerals by 
movement of water and animals, and 
extremes of temperature
weight
property of rocks used to identify them

2
K E Y  W O R D S
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