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Science toolkit
Scientists work collaboratively and individually to plan and
conductinvestigations. They aim to avoid experimental errors

and they record the details of their work in an experimental
logbook. Scientists presentand interpret their data accurately.

The rock cycle
Rocks have useful properties and can be
classified as sedimentary, igneous or
metamorphic. Rocks are formed by processes
within the Earth over different timescales.

Plate tectonics
Plate tectonics is a combination of two
theories: continental drift and sea-floor
spreading. Plate tectonics explains global
patterns of geological activity and the
movement of the continents.

Energy

Energy appears in different forms and
can be transferred and transformed
to cause movementand change.

Physical and chemical change

Physical change is a change in the shape or
appearance of a substance. Chemical change

involves substances reacting to form new substances.
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Cells ~
Allliving things are made of cells. Cells B h
have specialised structures and functions. "
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Surviving
Humans, and other multicellular organisms,
survive using systems of organs that
carry out specialised functions.

Experiments
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> Student Book >

Key features W&
of this

Student Book %

AUSTRALIAN CURRICULUM

CHAPTER

INTRODUCING OXFORD SCIENCE 7-10

Chapter openers

e Every chapter
begins with a

Concept statements

e Every topic begins with a concept
statement that summarises the key

clear learning concept of the topic in one sentence.
pathway for
ST Learning intentions
e Learning intentions are clearly stated
for every topic.
Key ideas

o Keyideas are summarised for each topic in
succinct dot points.

Integrated links to engaging digital resources

e Where relevant, digital icons flag engaging
resources that can be accessed via Student obook
pro. These resources are directly integrated with
the topic being covered.

Margin glossary terms
e Keyterms are bolded in the body in blue text, with ———
a glossary definition provided in the margin.

Vi OXFORD SCIENCE 8 AUSTRALIAN CURRICULUM

Student obook pro >

4 4 Energy can be transformed

Check your learning

Oxford Science Australian Curriculum has been developed to meet the requirements of the
Australian Curriculum: Science across Years 7—10. Taking a concept development approach, each
double-page spread of Oxford Science represents one concept, one topic and one lesson. This
new edition ensures students build science skills and cross-curriculum capabilities, paving a
pathway for science success in the senior secondary years.

The series offers a completely integrated suite of print and digital resources to meet your needs,

Teacher obook pro.

This Student Book combines complete curriculum coverage with clear
and engaging design.

Each print Student Book comes with complete access to all the digital
resources available on Student obook pro.

Focus on concept development

Reflect

e Students are
encouraged to self-
assess their learning
against a set of
success criteria in
the Chapter checklist
tables at the end
of each chapter. If
students do not feel
confident about their
learning, they are
directed back to the
relevant topic.

Each topic finishes with a set of "Check your learning’
questions that are aligned to the learning intentions for the
topic. Questions are phrased using bolded cognitive verbs,
which state what is expected of a student and prepares
them for studying senior science subjects.
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Focus on science inquiry skills and capabilities

1.5 Scientists keep a logbook

Science toolkit

e The Science toolkit is
a standalone chapter
that explicitly teaches

important science

5 10 Physical and chemical :
" changes are used to Recycling of
1 recycle household waste

Digital hotspots

Icons found in the student book link

.. to digital resources accessible via
the obook pro

£ o .
e @ Digital versions of the Check
& ;

&% your learning and Chapter
3 review questions

e :

&= (&) Videos

g o
=
e
e

&
=

@ Digital quizzes
@ Interactives

metals

== of plastics

ecycling

Test your skills and

inquiry skills and :

capabilities. —*N i
Science as a human —
endeavour

e ‘Science as a human

capabilities
e This section
provides scaffolded

endeavour’ topics explore
real-world examples and

Chenical
~ recycling of
plastics

opportunities for
students to apply

510 Test your skills and capabiltes

case studies, allowing
students to apply science
understanding.

their science
understanding while
developing skills and

Focus on practical work

Practical work appears at the
back of the book -
e All practical activities are

organised in a chapter at the end

of the book and signposted at

the point of learning throughout

each chapter.

Challenges, Skills labs and

Experiments

e These activities provide students
with opportunities to use problem-
solving and critical thinking, and
apply science inquiry skills.

Focus on STEAM

Integrated

STEAM projects

e Take the hard work out of
cross-curricular learning with
engaging STEAM projects.
Two fully integrated projects
are included at the end of
each book in the series, and

How can we
build more
energy-
efficient
homes so that
we live more
sustainably?

capabilities.

Problem solving through

design thinking

e Each STEAM project investigates a
real-world problem that students
are encouraged to problem solve
using design thinking.

Full digital support
e Each STEAM project is supported
by a wealth of digital resources,

are scaffolded and mapped

[STEAM project 1]

to the Science, Maths and

Humanities curricula. The

including student booklets (to
scaffold students through the
design-thinking process of

SCIENCE

same projects also feature

in the corresponding Oxford

each project], videos to support
key concepts and skills, and

Humanities and Oxford
Maths series to assist cross-
curricular learning.
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obook*“

> Student obook pro is a completely digital product delivered via Oxford’s
online learning platform, Oxford Digital.

> It offers a complete digital version of the Student Book with interactive
note-taking, highlighting and bookmarking functionality, allowing students
to revisit points of learning.

> A complete ePDF of the Student Book is also available for download for
offline use and read-aloud functionality.

Focus on eLearning
Complete digital version of the Student Book
e This digital version of the Student Book is true to
the print version, making it easy to navigate and
transition between print and digital.

A Oxford Sclence Year 8

AUSTRALIAN CURRICULUM

4 3 Moving objects have
" kinetic energy

Videos

e Videos are available
online to support
understanding of
concepts or key practical
activities.

INTRODUCING OXFORD SCIENCE 7-10

Quizlet

¢ Integrated Quizlet sets,
including real-time online

quizzes with live leaderboards, Interactive quizzes

motivatg students by providing e Each topic in the Student Book is accompanied by an
interactive games that can interactive assessment that can be used to consolidate
be played solo or as a class. concepts and skills.

Quizlet can be used for revision o These interactive quizzes provide a mix of auto- and

or as a topicis introduced to

teacher-corrected questions, with students receiving instant
keep students engaged.

feedback on achievement and progress. Students can also
access all their online assessment results to track their own
progress and reflect on their learning.

> integrated Australian Concise Oxford Dictionary look-up feature

Benefits for

> targeted instructional videos for key concepts, practicals and worked examples
> interactive assessments to consolidate understanding students

> integrated Quizlet sets, including real-time online quizzes with live leaderboards

> access to their online assessment results to track their own progress.
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oxforddigital.

obook

> Teacher obook pro is a completely digital product delivered via Oxford Digital.

> Each chapter and topic of the Student Book is accompanied by full teaching
support. Teaching programs are provided that clearly direct learning pathways
throughout each chapter, including ideas for differentiation and practical activities.

> Teachers can use their Teacher obook pro to share notes and easily assign
resources or assessments to students, including due dates and email notifications.

Focus on assessment and reporting

Complete teaching support

e Teaching supportincludes full lesson and
assessment planning, ensuring there is

more time to focus on students.

oxfordcigitalss  Libea

Oxford Science Year 8

RESOURCES

ASSIGNED WORK

REPORTS

Reports

FILTER BY: %
. Curriculum Report

CLASS, GROUPS & i
STUDENTS

ed to key outcomes in the curriculumn. Select a column to view

Science YR8 =

. & s 8 & & 38
All groups 3 W o o o
£ & & & 8
o c| c|E|E
All students Lo S| S | 2|
) =] L] w - .
2 Mixtures Curriculum and assessment
INTERYEAR LINK REPORT i reports
Inter-year... e 25 20« [N o e [ s o Teacher; are provided with clear
and tangible evidence of student
OD5Student 2 learning progress through
OD5Student 3 254 14 [N - | ow | Ox | 25% curriculum and assessment
reports.
ODSStudent 4 s« 4 NI - 0. O« S0« e Assessment reports directly show

how students are performing
in each online interactive
185 | 3o« INNNIN | O+ | O |100x| SOx assessment, providing instant
.. I feedback for teachers about areas
of understanding.
Curriculum reports summarise
student performance against
. specific curriculum content
Additional resources descriptions and curriculum codes.
e Each chapter of the Student Book is
accompanied by additional worksheets
and learning resources to help students
progress.

OD5Student 5

OD5Student 6

OD5Student 7

> In addition to online assessment, teachers have access to editable class tests that are
provided at the conclusion of each chapter. These tests can be used as formative or
summative assessment and can be edited to suit the class’s learning outcomes. teachers

Benefits for

> Teachers are provided with laboratory support through experiment answer guidance,
laboratory technician notes and risk assessments to ensure safe learning experiences.
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AUSTRALIAN CURRICULUM:
SCIENCE 8 SCOPE AND SEQUENCE

In Year 8, students are introduced to cells as microscopic structures that explain macroscopic features of living systems.
They connect form and function at an organ level and explore the organisation of a body system in terms of flows of
matter between interdependent organs. They continue to develop a view of Earth as a dynamic system, in which change
occurs across a range of timescales. They classify different types of energy and describe the role of energy in causing
change in systems, including the role of energy and forces in the geosphere. They learn to classify matter at the atomic
level and distinguish between chemical and physical change. They understand that chemical reactions also involve energy.
Students use experimentation to isolate relationships between components in systems and explain these relationships
through increasingly complex representations. They consider the magnitude of properties and events and use appropriate
units to describe proportional relationships.

Biological sciences

Chapter 6 Recognise cells as the basic units of living things, compare plant and animal cells, and describe the
functions of specialised cell structures and organelles (AC9S8U01)
Chapter 7 Analyse the relationship between structure and function of cells, tissues and organs in a plant and an

animal organ system and explain how these systems enable survival of the individual (AC958U02)

Earth and space sciences

Chapter 2

Investigate tectonic activity including the formation of geological features at divergent, convergent
and transform plate boundaries and describe the scientific evidence for the theory of plate tectonics
(AC9S8U03)

Chapter 3

Describe the key processes of the rock cycle, including the timescales over which they occur, and
examine how the properties of sedimentary, igneous and metamorphic rocks reflect their formation
and influence their use (AC9S8U04)

Physical sciences

Chapter 4

Classify different types of energy as kinetic or potential and investigate energy transfer and
transformations in simple systems (AC9S8UQ5)

Chemical sciences

Chapter 5 Classify matter as elements, compounds or mixtures and compare different representations of these,
including 2-dimensional and 3-dimensional models, symbols for elements and formulas for molecules
and compounds (AC9S8U06)

Chapter 5 Compare physical and chemical changes and identify indicators of energy change in chemical

reactions (AC9S8UQ7)

Nature and development of science

All chapters

Explain how new evidence or different perspectives can lead to changes in scientific knowledge
AC9S8HO1

All chapters

Investigate how cultural perspectives and world views influence the development of scientific
knowledge (AC9S8H02)

Use and influence of science

All chapters

Examine how proposed scientific responses to contemporary issues may impact on society and
explore ethical, environmental, social and economic considerations (AC9S8H03)

All chapters

Explore the role of science communication in informing individual viewpoints and community policies
and regulations (AC9S8H04)

OXFORD SCIENCE 8 AUSTRALIAN CURRICULUM
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Questioning and predicting

All chapters Develop investigable questions, reasoned predictions and hypotheses to explore scientific models,
identify patterns and test relationships (AC9S8101)

Planning and conducting

All chapters Plan and conduct reproducible investigations to answer questions and test hypotheses, including
identifying variables and assumptions and, as appropriate, recognising and managing risks,
considering ethical issues and recognising key considerations regarding heritage sites and artefacts
on Country/Place (AC958102)

All chapters Select and use equipment to generate and record data with precision, using digital tools as
appropriate (AC9S8I103)

Processing, modelling and analysing

All chapters Select and construct appropriate representations, including tables, graphs, models and mathematical
relationships, to organise and process data and information (AC9S8104)

All chapters Analyse data and information to describe patterns, trends and relationships and identify anomalies
(AC958I05)

Evaluating

All chapters Analyse methods, conclusions and claims for assumptions, possible sources of error, conflicting
evidence and unanswered questions (AC9S8106)

All chapters Construct evidence-based arguments to support conclusions or evaluate claims and consider any
ethical issues and cultural protocols associated with using or citing secondary data or information
(AC9S8I107)

Communicating

All chapters Write and create texts to communicate ideas, findings and arguments for specific purposes and

audiences, including selection of appropriate language and text features, using digital tools as
appropriate (AC9S8I08)

By the end of Year 8, students explain the role of specialised cell structures and organelles in cellular function and analyse the
relationship between structure and function at organ and body system levels. They apply an understanding of the theory of plate
tectonics to explain patterns of change in the geosphere. They explain how the properties of rocks relate to their formation and
influence their use. They compare different forms of energy and represent transfer and transformation of energy in simple systems.
They classify and represent different types of matter and distinguish between physical and chemical change. Students analyse how
different factors influence development of and lead to changes in scientific knowledge. They analyse the key considerations that
inform scientific responses and how these responses impact society. They analyse the importance of science communication in
shaping viewpoints, policies and regulations.

Students plan and conduct safe, reproducible investigations to test relationships and explore models. They describe potential
ethical issues and intercultural considerations needed for specific field locations or use of secondary data. They select and use
equipment to generate and record data with precision. They select and construct appropriate representations to organise and
process data and information. They analyse data and information to describe patterns, trends and relationships and identify
anomalies. They identify assumptions and sources of error in methods and analyse conclusions and claims with reference to
conflicting evidence and unanswered questions. They construct evidence-based arguments to support conclusions and evaluate
claims. They select and use language and text features appropriately for their purpose when communicating their ideas, findings
and arguments to specific audiences.

Source: © Australian Curriculum, Assessment and Reporting Authority (ACARA) 2009 to present, unless otherwise indicated. This
material was downloaded from the ACARA website (www.acara.edu.au) (Website) (accessed 2022) and was modified. The material
is licensed under CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/). ACARA does not endorse any product that uses ACARA
material or make any representations as to the quality of such products. Any product that uses material published on this website
should not be taken to be affiliated with ACARA or have the sponsorship or approval of ACARA. It is up to each person to make their own
assessment of the product.
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Scientists present their data accurately

> Explain outliers in data and how to deal with them.
> l|dentify the median in a data set.

> Calculate the mean and mode of a data set.

v

Scientists keep a logbook
> Create and use an experimental logbook.

Cognitive verbs identify the tasks in a question
> Recognise the cognitive verb in a question.
> Understand the different tasks involved for different cognitive verbs.

What if?

Observations

What you need:

A4 paper, notebook, pen
What to do:

1 Look around your classroom
for 30 seconds.

2 Look down at your notebook and write a
description of all the things you observed.

3 Check your answers. How many things did
you observe?

What if?
» What if you had more time to observe
the classroom?

» What if you knew that you had to write an
observation list before you looked around
the room?

» What if you repeated the test?



Sclentists ask questions

Key ideas
e Causation occurs when the independent variable is responsible for the change in the
Learning intentions dependent variable.
By the end of this e Two things are correlated when they both change in a related way.
topic, you will be e Positive correlation of data does not mean one event causes another event.
able to:

amount), the data has a strong correlation.
When both values increase at the same rate,

e describea

! _ All scientists are curious about the world they live
relationship

in. They use all of their senses to observe small . L. .
between two sets . it is called a positive correlation. If one value
changes and try to explain why these changes

of data . increases as the other decreases, then it has a
occur by asking what caused the change.

e develop While this mick 10l on. if th negative correlation. This can be shown on a
investigable ile this might seem a simple question, if the graph (Figure 2).

scientist does not plan a valid experiment, they

questions, . . . Correlation shows that there is a
reasoned may end up with misleading results. For example, . . . .
.. . . relationship between the two variables; it does
predictions and a scientist may notice that there is a larger number . 0 that iabl
. . not necessarily mean that one variable causes
hypotheses. of shark attacks in summer than winter. They Y

. . the other to change (that is causation).
may also notice that the number of ice creams sold ge ( )

Number of ice creams sold and number of by a kiosk on the beach also increases

shark attacks from November to January ] ) ] 1
18 in summer. During winter, both ice- Re p ro d uci b l'e
16 cream sales and shark attacks go down. Ty identify if a relationship is causal or
14 4 If this is graphed (Figure 1), it could a correlation, scientists need to design a
> . .
12 « e look like the ice-cream sales caused reproducible experiment. This means the
10 & the shark attacks because they both experiment can be repeated using the same
3 go up at the same time. This is not materials and measurement, and exactly the
6 correct as there is another causative same results will be recorded.
4 factor: hot weather. In hot weather,
5 more people go swimming and shark B a llo on roc ket S
‘ ‘ attacks are more likely to occur than
November  December January in cold weather when few people go Before continuing, complete Experiment 1.1A
Figure 1 There is a positive correlation  into the ocean. People are also more in the Experiments chapter.

between the number of ice creams sold likely to buy ice creams in summer
d th ber of shark attack ; : i ‘ if?’
andthe number or shark attacks. than winter. The hot weather is the ASk|ng What |f !

valid experiment ; el . ) )
here an exberiment cause of tbe 1gcreased shark gttacks and 1.ce cr§am A variable is something that can affect the
P sales. A scientist would describe the relationship lts of . Y find h
investigates what it sets out R results of an experiment. You can find out how
between the shark attacks and ice-cream sales

to investigate i ) a variable affects the results by asking a ‘what
as a correlation (when two or more things

correlation tated if” question.

: : are related). .
a relationship between two ) > What if the balloon was blown up more?
or more things . . ..

. . > What if the string had less friction?
causation Correlation of data , . o
when the independent > What if the string had more friction?
variable is responsible for When two sets of data are strongly linked (as > What if the straw was shorter?
the change in the one changes, the other changes by a similar
dependent variable

Strong positive High positive Low positive No correlation Low negative High negative Strong negative
correlation correlation correlation correlation correlation correlation
° ° °
° ° 0. .. ° oo o..
o® ° L4 ° ° o 0 %
° 8 LY ° ° Lo °
@ ¢ ® e o o ° ° ® e e
o°® 0o’ S o o ¢ “o
°® R LIS . o ° °e B
LJ [ ]

Figure 2 Correlation of data
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1.1A: Making a balloon rocket
Go to page 166.

Each of these questions ask what would
happen if the independent variable were
increased or decreased. In a reproducible
experiment only one variable should be
changed at one time.

The impact of this change is measured at
the end of the experiment. This is called the
dependent variable. In this experiment, the
dependent variable is the distance the balloon
rocket travels. All the other variables must be kept
the same. They are called controlled variables.

Each experiment needs to be a reasonable
experiment and should be repeated at least
three times. If an experiment is only completed

1.1B: Changing the independent
variable
Go to page 167.

once, a random error could cause a random
result. If an experiment is repeated, obtaining
the same result twice may be a coincidence.

If an experiment is repeated three times and
the same result is obtained, then the results can
be trusted.

A hypothesis describes the expected
relationship between the independent variable
and the dependent variable and the scientific
reasoning that is used. The process for
converting a ‘what if” question to a hypothesis
is shown in Figure 3.

Now try changing the independent variable
in Experiment 1.1B in the Experiments chapter.

What if the straw was shorter?

Figure 3 A ‘what
if question can

be changed into
S

Independent variable: the variable
that is deliberately changed

Dependent variable: the variable that
is tested or measured at the end

a hypothesis by
removing the ‘what’
at the start, adding
a ‘then’ at the end of
the question and a

-

¥

-~
IF the straw was shorter THEN the balloon rocket would travel further

—

BECAUSE short straws have less friction to slow down the balloon rocket.

__/

‘because’ to explain
the related science
concept.

—_—

Proposed reasoning: the scientific reasoning for the expected outcome

variable

something that can affect
the outcome or results of
an experiment

independent variable
a variable (factor) that is
changed in an experiment

dependent variable

a variable in an experiment
that may change as a
result of changes to the
independent variable

controlled variables
variables that remain
unchanged during
an experiment

reasonable experiment
a test where all variables
are controlled except for
the one being changed
on purpose

hypothesis

a proposed explanation
for a prediction that can
be tested

Relationship between age and average weight

q . . . 85
1 Identify the three types of variables in an experiment.
80
2
< 75
2 Describe the relationship between the sets of data < o
shown in Figure 4. g
9 9. g . o 65
3 Explain why it is important for an experiment to be 4
=
reproducible. E 60
4 Describe how to change a ‘what if” question into a 55
hypothesis. Use one of the ‘what if” questions above 50
60 70 80 90 100

that you did not test as an example.

5 Identify one variable that you could not control in

your balloon rocket experiment.

6 Discuss why it is important for experimental methods

to be checked by other scientists.

7 Many experimental reports written by scientists are peer
reviewed. Investigate what is meant by ‘peer reviewed’

and write a definition in your own words.

Age (years)

Figure 4 A scatterplot showing the relationship

between age and average weight

Science question: What if smooth fishing line was used

for a balloon rocket?

balloon rocket then......

Science prediction: If smooth fishing line was used for a

Science hypothesis: If smooth fishing line was used for
a balloon rocket then .... because ...

A student wanted to convert their science question into
a hypothesis (a possible explanation that can be tested
in a reproducible test). Complete the following steps to
help the student.

OXFORD UNIVERSITY PRESS

Quiz me
Complete the Quiz me to check how well you've mastered

the learning intentions and to be assigned a worksheet at
your level.



Learning intentions

By the end of this
topic, you will be

able to:
e explain the
importance

of minimising
experimental
errors

e identify
experimental
errors and
numbers of
significant
figures

e use rounding off
techniques, the
Sl system and
derived units.

accuracy
how carefully, correctly
and consistently data

has been measured or
processed; in science, how
close a measured value is to
the true value

reading error

an error that occurs when
markings on a scale are not
read correctly

parallax error

an error, or inaccurate
reading, that occurs as a
result of reading a scale
from an angle

ZEero error
an error that occurs when
an instrument has not been
adjusted to zero before the
measurement is taken

Sclentists must be aware of
experimental errors

Key ideas

¢ To achieve maximum accuracy, the measurement must be taken carefully, using the most

suitable measuring device.

e Each scientific device must have a scale appropriate to the accuracy that you require.

Choosing the right device

Choosing the right instrument is the first step
in making sure measurements are accurate
(close to the expected true value). For example,
if you needed to accurately measure the volume
of a liquid, then you would use a burette
(Figure 1) or a measuring cylinder, but not a
beaker. A burette has a more accurate scale
than a measuring cylinder. Both are carefully
checked during the manufacturing process;
however, a burette has smaller units that can be
controlled by the scientist. A beaker often has
no scale.

Figure 1 A burette is a laboratory instrument used
to accurately measure the volumes of liquids.

Errors and accuracy

Choosing the right instrument is only part of a
scientist’s job. It is very important to take care
with your measurements.
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The most common errors in measurement
are reading errors, parallax errors and
ZEro errors.

A reading error can result when guesswork
is involved when taking a reading. For example,
when reading lines between the divisions on
a scale, an estimate of the actual reading can
result in a reading error.

(@)
Ll bbbl

Figure 2 Estimating the measurement between
units of measurement (for example, between 1.6
and 1.8) can produce a reading error.

The possibility of a reading error can be
recorded in the data by noting the possible
range. For example, if you were reading the
marks on a ruler (Figure 2), you might estimate
that the reading was somewhere between 1.6
and 1.8. This can be recorded as 1.7.

A parallax error occurs when the eye
is not directly opposite the scale when the
reading is being taken. You can avoid parallax
errors by making sure that your eye is in the
correct position when taking the reading. For
example, when reading the level of a liquid in
a measuring cylinder, place the cylinder on the
bench and line up your eye with the bottom of
the meniscus (Figure 3).
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1.2: Avoiding errors and
improving accuracy
Go to page 168.

CHALLENGE

Meniscus

@j_ |

Eye level

Figure 3 To avoid parallax error, make sure your
eye is correctly lined up with the bottom of the
meniscus.

A zero error happens when an instrument
has not been correctly adjusted to zero or the
reading has not taken into account the weight
of empty containers. For example, scales must
be set to zero correctly before making a weight
measurement of substances (Figure 4).

Figure 4 Scales must be zeroed correctly before
using them.

To check the accuracy of digital scales,
scientists use a special mass that is known to
be exact. When this is placed on the scale, the
weight shown by the scale is compared to the
known true mass. If they are the same, then the
scale is accurate.

Mathematical accuracy

When conducting a scientific investigation,
mathematical accuracy is very important. Not
only must your equipment be appropriate and
precise to avoid errors, but your calculations
must also be correct.

OXFORD UNIVERSITY PRESS

When taking a reading, you should quote
the maximum allowed number of significant
figures (the number of digits). This can
represent the accuracy of a measurement
or reading. When recording results, it is
important to know the number of significant
figures the instrument allows. When adding or
subtracting numbers, the final answer will be
based on the least number of decimal places.
When multiplying or dividing numbers, the
final answer can only be quoted correct to
the number of significant figures in the least
accurate result. For example, if one measuring
device measures 10.22 (four significant figures
and two decimal places) and a second device
measures 20.345 (five significant figures and
three decimal places), averaging these results
means adding the values. This means the final
answer should only have two figures after the
decimal point. This might require a rounding
off procedure.

Note that when a number ends in a zero
(6.0), the final zero does not contribute to the
actual value of the number. This means there
is no difference between 9.0 and 9. When this
occurs, the number is described as having one
significant figure.

Worked example 1l.2:
. Significant figures
A student used two sets of scales to
measure 0.44 g of sand and 0.696 g of water.
Calculate the final mass when the sand was
mixed with the water. Give your answer

to an appropriate number of significant
figures.

Solution :

Add the mass of the sand and water
together.

: 0.44 + 0.696 = 1.136g

As one number has only two decimal
places, the final answer must have two
decimal places. The number (1.136) is
+ closer to 1.14 than to 1.13, so 1.14 is more ‘
accurate.

Final mass of sand and water = 1.14 g

CHAPTER 1 SCIENCE TOOLKIT

significant figures

the number of digits that
contribute to the overall
value of a number

rounding off

reducing the number

of significant figures by
increasing or decreasing
to the nearest significant
figure; for example, 7.6 cm
is rounded up to 8cm,
7.2cm is rounded down to
7cm



SI system

an international system of
measurement based on the
metric system, with units
such as kilogram, metre,
kilometre

derived units

units of measurement

that are calculated using

a combination of SI
(international system) base
units, e.g. cm? for volume
(base unit is cm), m? for
area (base unit is m)

Measurements and units

Scientists measure fundamental quantities,
such as mass, time and length, in a standard
unit that has been agreed upon by scientists
around the world. The international system
of units, known as the SI system of units, is
based on the metric system. Table 1 shows
some SI units. Other measurements, such as
volume, are calculated from those basic units
and are called derived units.

Although the SI unit for mass is the
kilogram, this is not always the most suitable
unit to use. Some objects are too heavy or
too light for this to be the most convenient
unit. The measurement would have too
many zeroes in it. For example, a mass of

Table 1 Sl units

Physical quantity Sl unit
length metre
volume litre
mass kilogram
time second
thermodynamic temperature kelvin
amount of substance mole
electric current ampere

Table 2 Standard prefixes and meanings

Prefix Symbol
peta P
tera T
giga G
mega M
kilo k
centi c
milli m
micro u
nano n
pico o
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0.00000000743kg or 850000000kg is

very inconvenient to write. Scientists and
mathematicians choose a unit that requires as
few zeroes as possible. They use a system of
prefixes before the basic measurement unit,
shown in Table 2.

Notice that when the number is larger
than the basic measurement, the symbol for
the prefix is a capital letter. When it is only
a fraction of the basic measurement, the
symbol for the prefix is a small letter (i.e.
lower case). For example, a megalitre, which
is a million litres, is written as ML, while a
millilitre, which is one-thousandth of a litre,
is written as mL. ‘Kilo’ is an exception to this
general rule. A kilogram is 1000 grams and its
symbol is kg.

Abbreviation or symbol
m
L

Value Meaning
10" one quadrillion
(one thousand million million)
10" one trillion
107 one billion
100 one million
10° one thousand
102 one-hundredth
102 one-thousandth
10-¢ one-millionth
1077 one-billionth
10-12 one-millionth of one million
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Figure 5 It is important to take care with your measurements to avoid errors.

Retrieve

1 Recall three kinds of errors that can
occur during an experiment.

Comprehend

2 Describe how these errors can be
reduced to improve accuracy.

Analyse

3 Compare (the similarities and
differences between) a reading error
and a parallax error.

4 Identify the symbol for:
a millionths of a gram
b billions of litres
¢ thousandths of an ampere
d thousands of metres.

OXFORD UNIVERSITY PRESS

5 Identify the number of significant figures
in each of the following measurements.

a 45.22mL b 9.0s
c 8000L d 3.005m
Apply

6 A student took the following
measurements during an experiment:

5.6volts, 2.97 amperes, 3000 seconds.

If these three numbers were used in

a calculation, identify how many
significant figures should be stated in the
final answer. Justify your answer (by
explaining how you made your decision).

Quiz me
Complete the Quiz me to check how well

you've mastered the learning intentions and
to be assigned a worksheet at your level.

CHAPTER 1 SCIENCE TOOLKIT



Learning intentions

By the end of this
topic, you will be
able to:

e interpret data
in tables and on
line graphs

e identify and
describe directly
proportional
and inversely
proportional
relationships on
line graphs.

directly proportional
relationship

a relationship between
two variables in which
the dependent variable
increases as the
independent variable
increases

inversely proportional
relationship

a relationship between

two variables in which

the dependent variable
decreases as the independent
variable increases

A

Tables and graphs are used
to present scientific data

Key ideas

e Tables are used to present data.

e Graphs are a way to display the information (data) gathered in an experiment.

e Graphs can be used to identify patterns in the data.

Collecting data

One of the easiest ways to record data is in

a table or an electronic spreadsheet. Using a
table to show large amounts of data can make it
easier to see patterns and relationships between
the variables (Figure 1). A table should have

a title which describes the information that is
present. It should contain both the independent
and dependent variable. The first column
usually contains the values of the independent
variable, and the second column contains the
values of the dependent variable. Each column
should have a heading that names the values
and the unit of measurement that was used. If
quantitative data (numbers) are used, then it
should be ordered from smallest value to the
largest value.

Common features in graphs

There are four features all graphs have in
common.

1 A descriptive title of what the graph shows.
2 A grid that is used to plot the points or data.

3 The independent variable on the horizontal
axis.

4 The dependent variable on the vertical axis.

Interpreting graphs

Line graphs are the most common graphs that
are drawn in scientific reports. These graphs
are used to show the relationship between

the independent variable and the dependent
variable (Figure 2). The shape of the graph
gives a hint of how the two variables are related.

Title

Vertical axis

Temperature (°C) and germination

of wattle seeds (days) Giid

11
>
S10
S
Q
9
E
ga)
o 8
9
g 7
g
.g 6
8 N
]
0 10 20 30 40 50
Temperature (°C) |
Scales \ Variable and unit Horizontal axis

Figure 2 The independent variable
(temperature] should be on the horizontal
axis and the dependent variable (germination
time) should be on the vertical axis.

\ Ordering of variables

The independent
variable should be in
the first column.

Age (weeks)

'v 2

Orderlng of data 36
N The data for the 52
independent variable /

{ \ should be organised
from the lowest value to
the highest.

\Table 1 Average weight of juvenile koalas by age

Title for table

The title should contain
both the independent
variable and the

Weight (kg) dependent variable.

0.5
1.5 Column headings
20 The variable should be

identified and the unit
of measurement
included.

Figure 1 Tables are used to record data.
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When the line A
slopes upwards,
this means the
dependent variable
increases as the
independent variable
increases. This is
called a directly

-
Figure 3 A directly

propf)rtlor}al proportional relationship
relationship
(Figure 3).

When the ‘

line is horizontal
(flat), it means the
dependent variable
is not affected by
the independent
variable (Figure 4).

Sometimes you may have
recorded the results for a set of
whole numbers. An example
of this is in Experiment 1.5 in
the Experiments chapter, when
you will pull back the elastic
and marshmallow by 1cm,
2cm, 3cm and 4 cm. If you
draw an accurate line graph of
your data, then you may be able
to use the graph to see what
would happen if you pulled back
the marshmallow by 2.5cm
(Figure 7).

Retrieve

100

90
80

70
60
50
40
30
20
10

2.5cm

Distance marshmallow travels (cm)

o

T T T T 1

1 2 3 4
Distance elastic is stretched (cm)

Figure 7 Change in distance travelled by a
marshmallow released from an elastic slingshot

1 Identify the features that all graphs have in common.
2 Recall what it means when a graph of the independent and

. -
If the line Figure 4 The dependent
slopes downwards, variable is not affected by
then the the independent variable.
dependent variable
decreases as the A

independent variable
increases. This is
called an inversely
proportional
relationship
(Figure 5).
Occasionally
a graph is curved
(Figure 6). These
graphs can be considered in sections. In section
A (between 1 and 4), the dependent variable
increases as the independent variable increases.
In section B (between 4 and 7) the dependent
variable decreases as the independent variable

Figure 5 An inversely
proportional relationship

increases.

0123456 738

Figure 6 A curved graph is divided into sections.
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Comprehend

3

dependent variables is horizontal (flat).

Plant growth

Describe the relationship
between the independent
variable and dependent
variable shown in Figure 8.

A scientist was collecting
data on the change in height
of a plant over seven days.
Construct a table that could
be used to record this data.

Height of plant (mm)
O =N WEHE LA O

01 2 3 456 7 8 910

Day measured

Explain why graphs are
often used in scientific

~e— Dirt plant Jelly plant

Figure 8 A graph showing plant growth
reports.

6 a Represent the data in Table 1 as a graph.

O

b Identify the relationship between the variables and explain
your reasoning.

Table 1 Energy in chocolate bars

Number of chocolate bars Energy (kilojoules)
606
808
1212
1616

2020

ol ||| W

Quiz me
Complete the Quiz me to check how well you've mastered the learning
intentions and to be assigned a worksheet at your level.
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Learning intentions

By the end of this
topic, you will be
able to:

e explain outliers
in data and how
to deal with them

e identify the
median in a
data set

e calculate the
mean and mode
of a data set.

outlier

a data value that is outside
the range of all the other
results

Sclentists present their data

accurately

Key ideas

e Repeating an experiment helps to identify errors.

e Outliers are values that are very different from the main group of data.

e Outliers can affect the mean (average) of the overall results.

e The median [middle number of data when placed in increasing order) or the mode (most

common result) is less affected by outliers.

Comparing results

It can sometimes be difficult for a scientist to
know if their results are accurate, especially if
they have only tried an experiment one or two
times. For example, a botanist (a scientist who
studies plants) plans an experiment to see if
the amount of water given to a plant affects its
growth. If only one plant is watered every day
and dies, the botanist may claim that water
killed the plant. They may not be able to see
that the plant was infected with a fungus, and
this was the reason that it died.

If the botanist tried watering 50 different
plants every day and half of them died, they
may still claim that some plants do not like
water. While there are some plants that do not
grow well with too much water, it would be
difficult to claim this in an experiment if all
the plants were different. A well-designed plant
experiment should use many identical plants.

Sometimes this is difficult to do, so
scientists will compare their methods and
results to that of other scientists. If the methods
are the same (consistent), all of the variables
controlled and the measurements are accurate,
then the data can be combined and analysed.

Outliers

Occasionally the data that scientists collect
contains a value that is far away from the main
group of data. These values are called outliers
and may be due to inaccurate measurements or
experimental errors.

12 OXFORD SCIENCE 8 AUSTRALIAN CURRICULUM

Consider the data in Table 1, which records
the height of seedlings after three weeks of
growth.

Table 1 Seedling growth after three weeks

Seedling number Height (cm)
1 3.6
2 4.0
3 4.1
4 4.0
5 0.1
6 35
7 4.3

All seedlings except seedling 5 grew
between 3.5 and 4.3 cm. The height of seedling
5 after three weeks is an outlier. The average
(or mean) growth of the seedlings (including
seedling 5) is 3.4 cm, which is below the growth
of any of the seedlings other than seedling 5.
This shows how one outlier can present a
distorted result of the seedling growth.

If the average is determined without using
the height of seedling 5, the average becomes
3.9cm. This is a closer representation of the
actual growth. However, is it fair to discard any
results that we don’t like?

An outlier is only excluded if an explanation
is given as to how the results have been modified
and the reason for doing so. For example, the
discussion might include the statement that
‘Seedling 5 was excluded from the analysis
because a fungal infection affected its growth.’

OXFORD UNIVERSITY PRESS



Worked example 1l.4: Calculating the mean

Determine the average (mean) of the seedling heights shown in Table 1.

Solution
sum of all seedling heights

Average seedling height = -
number of seedlings

36+4.0+41+40+0.1+35+4.3
7

236

7
= 3371

As the seedling heights had two significant figures and one decimal place, the final answer
must have two significant figures and one decimal place. The average seedling height is 3.4cm
(3.371 is closer to 3.4 than to 3.3).

Median Mode

The median is the middle value of the data after The mode is the most common number in the

all the numbers have been placed in increasing set of data. In our set of data, the number 4.0
order. For the previous data, this means: occurs twice (seedlings 2 and 4).
0.1,3.5,3.6,4.0,4.0,4.1,4.3 This means the mode, or most common
amount the seedlings grew, was 4.0 cm. If the
. outlier was removed, the mode of the seedling Figure 1 How should you
median growth would still be 4.0 cm. An outlier does calculate the average

The median amount the seedlings grew was ~ not affect the mode value. growth of seedlings?

4.0 cm. If the outlier is removed, the median
growth is still 4.0 cm. The median value of the
data is not affected as much by outliers as the
mean/average is.

5 Draw an appropriate graph for the

Retrieve Table 2 Number of ice creams sold in Analyse

.. comparison to the daily temperature
1 Recall why it is best to present P y P

your data in table form. Temperature (°C) Ice creams sold data in Table 2.
2 Define the following terms. 14.2 215 a Identify the outlier in the data.
a outlier 16.4 325 b Calculate the mean number of
b median 11.9 185 ice creams sold each day.
c mean 15.2 332 c Calculate the median
d mode 18.5 406 temperature over the 12 days.
Comprehend 221 522
19.4 112

3 Explain why scientists often

repeat experiments and then take 25.1 614 _
an average. 234 544 @ Quizme
Complete the Quiz me to check
4 Describe when an outlier should 18.1 421 how well you've mastered the
be included in the results. 22.6 445 learning intentions and to be
172 408 assigned a worksheet at your level.
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Sclentists keep a logbook

Key ideas
e An experimental logbook is used to record the details of the work done in a science laboratory.

Learning intentions e Alogbook provides evidence of the planning, changes and results of an experiment.

By the end of this
topic, you will be

There are many different types of science and 3 The second page of the logbook should
able to: . . .
even more types of science experiments. Some contain a table of contents. Each page
* crieate art'd use experiments last a few minutes, while others should be numbered to help you find the
an experimental .
can last many years. An example of a long relevant experiments.

logbook.

experiment is an ecologist recording how the

.. Unit/subject | Experimenttitle | Page number
number of dolphins in Moreton Bay changes d B 2

over a decade (10 years). All experiments

rely on the scientists collecting and recording
data and observations in an electronic or
written logbook. LLogbooks contain all of the
information that is used to write a formal report

Always date every entry.
Each page should contain the title of

) . the experiment.
(a written report used to communicate the

. . . Figure 2 shows a sample logbook entry.
results of an experiment with other scientists). & P g 4

Start a logbook to record your observations and
the data you collect in Experiment 1.5 in the
Experiments chapter.

Creating a logbook

There are some basic rules for creating and

using a logbook.
1 Use a bound notebook (Figure 2) or an

electronic device that is backed up regularly.
Loose papers become lost, and electronic
devices can fail. Ensure that the style of
records you use is reliable.

1 State the purpose of an experimental
logbook.

2 A student made a mistake and ripped
that page out of their logbook. Recall
why this would be the wrong thing to do.

2 Label your logbook with your name, phone
number, email address, school and teacher’s
name. LLogbooks can be lost. LLabelling the

Figure 1 Logbooks > .
logbook with your contact details (and those

contain important data )
and observations from of your school and teacher) ensures that it 3 Explain why an electronic logbook

experiments. will find its way back to you. should be backed up regularly.

4 Infer why it is important to make sure
the writing in your logbook is legible
(able to be read).

5 Infer one reason why it is important to
include the date of the experiment in
the logbook.

6 Infer why you should reflect on each
experiment before starting the next
experiment.

= Quiz me
Complete the Quiz me to check how well

you've mastered the learning intentions
and to be assigned a worksheet at
your level.
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1.5: Marshmallow slingshots
Go to page 169.

Marshmallow slingshots 1 February 2022

Aim
To determine the relationship between the distance the elastic is pulled back
and the distance a marshmallow moves after it is released.

Prediction
If the rubber bands are pulled back twice as much, then the marshmallow will

move twice as far.

Method
Refer to page 169 of Oxford Science 8. Please note: instead of rubber bands,

1 cmwide elastic was tied around the base of the chairs for Experiment 1.5.

Measurements
Distance marshmallow has moved

Distance elastic pulled back| Attempt 1 Attempt 2 | Attempt 3 | Average

Tcm 20 cm 3 mm 234 cm 19.9cm 21.1cm

\N]
o
3

Scm

20.3
23.4

+19.9 63.6+3=21.2cm
63.6

Observations

The elastic came undone after the third attempt so we had to do it up again.

We tried to make it the same tightness as before.

Conclusion
When the elastic was pulled back, more elastic gained more energy. This energy
went into the marshmallow so that it could move further when released. We should
have tested with the elastic pulled back mere different distances.

Next time the same person should do the pulling back.

2UVAVVAURADUDAUUAD

Include a conclusion

or reflection for each
experiment to make sure
you understood what
happened and why.

You may need to write up
a formal report for your
experiment. If you have
completed your logbook
well, you will find all

the details of the report
easily available.

Glue or staple in any
photocopies to prevent
them falling out.

Aim and prediction for
the experiment.

The method used or
the page number of the
method. Record any
changes to the method.

Record any
measurements you made
to the maximum number
of digits provided by the
equipment. (You can
round them off later. If
you don’t record them
then you cannot get them
back later.)

Show all calculations
(even when adding
simple numbers).

Include any ideas,
explanations, diagrams,
graphs, sketches or
mistakes that happened.
Write everything

down even if it seems
unimportant. You may
not remember it weeks
or even months later.

Do not rewrite any
entries. Try to keep it as
neat as you can but it is
not a formal report. It

is more important that
you record your data
and observations. If you
make a mistake, put a
single line through it. Do
not white it out, as it may
be useful again later.

Figure 2 A sample logbook entry

OXFORD UNIVERSITY PRESS
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Learning intentions

By the end of this

topic, you will be

able to:

e recognise the
cognitive verb in
a question

e understand
the different
tasks involved
for different
cognitive verbs.

cognitive verb

a doing word that requires
you to perform a specific
thinking task

Cognitive verbs identity the
tasks In a question

Key ideas

e Cognitive verbs are ‘doing words’ that ask you to perform a specific task.

¢ Cognitive verbs can be grouped into categories based on how much thinking and
understanding is required to perform the task.

Cognitive verbs

A cognitive verb is a verb or ‘doing word’
that requires thinking to perform a set task.
For example, the word ‘describe’ is a cognitive
verb because it requires you to remember what
you know about something and talk about its
features. Cognitive verbs are commonly used
in questions which means you will encounter a
variety of cognitive verbs in school as you learn
new information.

Common cognitive verbs and the task/s
associated with them are given in Table 1.
Understanding these cognitive verbs and the
tasks behind them can help you figure out how
to best answer a question (Figure 1).

Figure 1 Familiarising yourself with different cognitive verbs can help you
answer questions and improve your learning.
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Figure 2 Two healthy fruits

Some cognitive verbs require more thinking
and understanding than others. For example,
if you were asked to name the two fruits in
Figure 2, you might instantly remember ‘apple’
and ‘orange’ and could write the names down
without much trouble. However, if you were
asked to compare the two fruits, you would
need to consider the two fruits and identify at
least one similarity and one difference between
them. In this sense, ‘compare’ requires a deeper
level of thinking than ‘name’.

Table 1 shows how the type/s of thought
processes behind the task can be used to
categorise cognitive verbs. Throughout this
book you will notice that you are usually tasked
with ‘retrieve’ type questions before you are
asked ‘apply’ type questions. This is because
working in order from retrieve to comprehend
to analyse and finally apply helps your
learning process.

OXFORD UNIVERSITY PRESS



Table 1 Common cognitive verbs and their tasks

Cognitive verb

Task

Category

Retrieve - Recall information from
permanent memory.

Comprehend - Activate and transfer
knowledge from your permanent
memory to your working memory.

Analyse - Use your reasoning to go
beyond what was directly taught.

Apply - Use your knowledge in specific
situations.

=

Identify the cognitive verb that requires
you to give reasons in support of an
answer or conclusion.

Describe what is required to correctly
answer:

a a ‘summarise’ question

b a ‘classify’ question

¢ a ‘predict’ question.

Distinguish between ‘compare’ and
‘contrast’.

OXFORD UNIVERSITY PRESS

Define give the meaning of a word

Identify recognise and state a distinguishing factor or feature

Name provide the correct term or noun

Recall present remembered ideas, facts or experiences

Use operate or put into effect

Select pick out

Describe give an account of a situation, event, pattern or process, or of the
characteristics or features of something

Explain make an idea or situation plain or clear by describing it in more detail or
revealing relevant facts

Summarise give a brief statement of a general theme or major point/s; present ideas
and information in fewer words and in sequence

Calculate determine or find (e.g. a number, answer] by using mathematical processes

Categorise place in or assign to a particular class or group

Classify arrange, distribute or order in classes or categories according to shared
qualities or characteristics

Compare display recognition of similarities and differences and recognise the
significance of these similarities and differences

Contrast give an account of the differences between two or more items or situations

Distinguish recognise as distinct or different; note points of difference between

Interpret use knowledge and understanding to recognise trends and draw
conclusions from given information

Create reorganise or put elements together into a new pattern or structure

Discuss examine by argument; sift the considerations for and against; talk or write
about a topic

Evaluate examine and determine the merit, value or significance of something

Elaborate investigate, inspect or scrutinise

Justify give reasons or evidence to support an answer, response or conclusion

Predict give an expected result of an upcoming action or event

1 Define the term ‘cognitive verb’. 5 A student was asked to ‘compare’ the

apple and orange in Figure 2. Their
response was ‘Both the apple and orange
are round in shape’. Discuss whether
the student has correctly answered

the question.

2N Quizme
Complete the Quiz me to check how well

you've mastered the learning intentions and
to be assigned a worksheet at your level.
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Identify which of the following is a hypothesis.
Plants need water.
A plant needs to be watered every day.
If a plant was not watered, then it would die.
If a plant was not watered then it would die because
plants need water to grow.

Figure 1 shows the distance a marshmallow travelled
when it was released from a slingshot stretched to various
lengths. Recognise the relationship between the variables
shown on the graph.

directly proportional
inversely proportional
having no direct relationship

a negative relationship

—
(=3
(=)

90
80

70
60
50
40
30
20

Distance marshmallow travels (cm)

0 1 1 1 1
1 2 3 4

Distance elastic is stretched (cm)
Figure 1 Distance a marshmallow travels
according to distance elastic is stretched

Recall the variable that is placed on the horizontal axis of
a graph.

independent variable

dependent variable

controlled variable

uncontrolled variable

Define the following terms.
parallax error
positive correlation
dependent variable

outlier

State the SI unit for the following measurements.
time
mass
length
volume

OXFORD SCIENCE 8 AUSTRALIAN CURRICULUM

State the meaning of and write the symbol for the prefix
for each of the following units of measurement.

teralitre

megalitre

microlitre

nanolitre

Name the four features that should be present on
all graphs.

Recall the information that should be included in an
experimental logbook.

A student is planting out a new garden bed. They research
how to care for their plants and learn that some people
water their plants with orange juice as well as with water.
The student wants to try this but doesn’t know how often
to use orange juice. The student starts an investigation.
Represent the student’s science question, noted
below, as a hypothesis.
‘What if a seedling is watered with orange juice once
per day?’
Identify the independent and dependent variables in
the hypothesis you have written.

Explain why it is best to present your data in table form.

Represent in a graph the data in Table 1 which shows
how much Enza has grown in her first 8 years.

Table 1 Enza’s growth from age 1 year to 8 years

Age [years) Height (cm)

1 75
86

2
3
4
5 105
6
7
8

121

Summarise why two scientists might compare their
experimental results.

A scientist observed that as the temperature increased,

the flowers on a rose bush started wilting and dropped

off the bush. They drew a graph that showed a directly
proportional relationship between the temperature and the
three flowers on the rose bush. Explain why the scientist’s
observations of a single rose bush should not be extended
to all rose bushes.
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Describe the type of information that may be included in

your logbook.

Explain why it is important to include in your logbook
any changes you make to an experimental method.

A student conducted an experiment and did not keep

a logbook. The student’s teacher asked the student to
prepare a formal report about the experiment for their
class assessment. Explain the problems the student will
have when writing the report.

Two students used two different balances to weigh some
rock samples. Their results are in Table 2.

Table 2 Weight of rock samples

Rock sample number Weight (g)
1 28.03
2 35.24
3 37.639
4 30.426

Calculate the average weight of the rocks. Give your
answer to the appropriate number of significant figures.

Calculate the mean, median and mode of the following
set of data.

15,13,18,16,14,17,12,13,19

Contrast the independent variable and the dependent

variable.

Differentiate between a directly proportional
relationship and an inversely proportional relationship.

Contrast causation and correlation.
Compare parallax error and zero error.

Identify the number of significant figures in each of the
following measurements.

65.301g
0.006420kg
40L

A student recorded the results of an experiment in
Table 3. Identify any errors in the table set up.

Table 3
Distance marshmallow Distance elastic
travels stretched
93 4
55 3
38 2

12 1
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Answer the following questions about the graph in
Figure 2.
Identify the label that should be on the x-axis.
Identify the label that should be on the y-axis.
Identify which year had the greatest number of road
deaths.
Identify the number of road deaths that occurred
in 1965.
Describe the trend between:
1945 and 1965
1975 and 1985
1990 and 2010.
Identify one factor that could have caused the trend
from 1985 to the current day.
900
800 l ‘
700
600
500
400 -1 |
300 i

200 ——
100

1925
1930
1935
1940
1945
1950
1955
1960
1965
1970
1975
1980
1985
1990
1995
2000
2005
2010

Figure 2 A graph showing the number of road deaths from
1925 to 2010

Creative and critical thinking

Scientists often need to find new and creative ways to
present the results of their experiments. Propose two
ways a scientist could publish information to the public.
For each option, describe the audience they are trying
to reach.

Scientists present formally written reports in scientific
journals. Many of these reports must be examined (peer
reviewed) by other scientists before they will be accepted
for publishing. Investigate and discuss one advantage of
the peer review process.

Discuss why you think working in order from ‘retrieve’
to ‘comprehend’ to ‘analyse’ and finally to ‘apply’ type
questions is beneficial for your learning.
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Social and ethical thinking
Matilda effect

Historical science books are dominated by the discoveries
of male scientists. The research of female scientists was
often ignored or accredited to their male colleges. This
‘Matilda effect’ was first described by suffragist Matilda
Joslyn Gage in 1870.

Investigate the work of one of the following

scientists: Jeanne Baret (1740—-1807); Marian

When writing a report for a scientific journal, scientists
will often mention the results of experiments from other
scientists. If this work is a result of First Nations peoples’
cultural practices, then the scientist is encouraged to use
the CARE principles. Select one of the principles and
discuss why it is important.

Collective benefit: using this data should provide

benefit to First Nations peoples. Diamond (1826—2017); Nettie Stevens (1861-1912);
Authority to control: First Nations peoples should Rosalind Franklin (1920-1958).
have the right to control their data. Describe the work that they did, what they discovered

Responsibility: those using the data have the and who received credit for their work.

responsibility to engage respectfully with First
Nations communities.

Ethics: the ethics of First Nations peoples should be
used to minimise harm, maximise benefits and allow
for future use.

Research

Choose one of the following topics for a research
project. A few guiding questions have been provided
for you, but you should add more questions that you
want to investigate. Present your research in a format of
your own choosing, giving careful consideration to the
information you are presenting. First Nations knowledge

First Nations peoples of Australia have used their

experiences to identify plants that can be used for food or

Testing sticky tape medicines. This knowledge has been shared with other

Australians, who are investigating producing these plants
in commercial (large) quantities for sale.

Figure 4 Matilda Joslyn Gage

Design an experiment to test the strength of different

types of sticky tape.
Identify your independent variable. Propose who should be recognised for these scientific

g g discoveries.
Describe how you will measure your dependent

vk, Justify your decision by explaining how each group
(First Nations peoples or European owners of
companies) contributed to the research, production
and sale of a product such as kakadu plum foods and
beauty products. Propose how the contributors could
be recognised.

List all the variables that could affect the results.

Describe how you will control each of these
variables.

List the materials you will need.

Write out a method in a step-by-step manner.

¢ - ‘,& P

Figure 3 Rolls of packing tape

Figure 5 Terminandia ferdinandiana or kakadu plum
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Chapter checklist

Now that you have completed this chapter, reflect on your ability to do the following.

Describe a relationship between two sets of data.

Develop investigable questions, reasoned predictions and
hypotheses.

Explain the importance of minimising experimental errors.
Identify experimental errors and numbers of significant figures.
Use rounding off techniques, the Sl system and derived units.

Interpret data in tables and on line graphs.

Identify and describe directly proportional and inversely proportional
relationships on line graphs.

Explain outliers in data and how to deal with them.
Identify the median in a data set.
Calculate the mean and mode of a data set.

Create and use an experimental logbook.

Recognise the cognitive verb in a question.
Understand the different tasks involved for different cognitive verbs.

Check your Student obook pro for these

digital resources and more:

Quizlet @ Chapter quiz
Play a Quizlet game to test Test your understanding

your knowledge.

of this chapter with the
chapter review quiz.

| can do this.

[l

[l

| cannot do this yet.

Go back to Topic 1.1 ‘Scientists
ask questions’.
Page 4

Go back to Topic 1.2 ‘Scientists
must be aware of experimental
errors’.
Page 6

Go back to Topic 1.3 ‘Tables
and graphs are used to present
scientific data’.

Page 10

Go back to Topic 1.4 ‘Scientists
present their data accurately’.
Page 12

Go back to Topic 1.5 ‘Scientists
keep a logbook'.

Page 14

Go back to Topic 1.6 ‘Cognitive
verbs identify the tasks in a
question’.

Page 16
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THE ROCK CYCLE
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2.4

2.5

2.6

2.7

2.8

Metamorphic rocks require heat and pressure
> Define metamorphic rock, foliation and index mineral.

> Describe the process of metamorphic rock formation.

> Explain why metamorphic rocks are stronger than the original material.

The rock cycle causes rocks to be re-formed

> Describe the rock cycle, weathering, erosion, onion-skin weathering and

frost shattering.

> Describe the differences between physical, chemical and biological weathering.

Weathering and erosion can be prevented
> Describe the reasons for soil erosion.
> Describe ways to reduce or prevent soil erosion.

The age of a rock can be calculated

> Describe two different types
of fossils.

What if?

Rocks

What you need:

> Use fossil evidence to predict how
and when rock was formed.

Selection of different rocks for each group

What to do:

Science as a human endeavour:

The locating and extraction of

minerals relies on scientists

> Describe the processes of
geophysical and geochemical testing.

Divide the class into groups of four.

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

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

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

What if?

> Evaluate the benefits and costs
of mining.

What if another group was given your rocks?
Could they use the properties you identified to
separate the rocks into the same groups?




Learning intentions

By the end of this
topic, you will be
able to:

e recall the
properties of

rocks

identify rock
samples,
including by
using a provided
dichotomous key.

properties

in chemistry, the
characteristics or things
that make a substance
unique

geologist
a scientist who studies
rocks

Figure 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.

Rocks have different

properties

Key ideas

e Geologists are scientists who study rocks.

e The characteristics of rock include the colour, presence of layers, hardness, density and

crystal size.

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.

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 affected by temperature
and it is resistant to damage from chemicals.
Similarly, First Nations peoples use their
knowledge of the properties of different rocks
to make tools. For example, abrasive rock, such

Table 1 Rock identification

Rock Grain size Hardness
Basalt Fine or mixed -

Coal Fine Soft
Conglomerate ~ Mixed Hard or soft
Gneiss Coarse Hard
Granite Coarse Hard
Limestone Fine Soft
Marble Coarse Soft
Obsidian Fine Medium
Pumice Fine Soft
Quartzite Coarse Hard
Rhyolite Fine Hard
Sandstone Coarse Hard
Schist Medium to coarse  Medium
Scoria Fine -

Shale Fine Soft

Slate Fine Soft
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as sandstone, is used to grind seeds and other
plant material.

You can identify rocks first by how they
look. Coal is black or dark brown. Pumice
and scoria are covered with holes. Each
rock is made up of tiny grains or crystals
called minerals. These minerals have unique
properties that can determine the properties of
the rock. Granite is made up of large crystals
of the minerals quartz, mica and feldspar.
This can make it very hard. Other rocks can
break off in layers of minerals. Some, like
conglomerates, are made up of individual
stones cemented together.

Geologists also use a range of other
properties to help identify rocks, such as
layering, weight and the presence of crystals or
grains (Figures 1 to 5).

Table 1 lists some different types of rocks
and how they can be identified.

Usual colour Density
Dark 2.8-3
Dark 1.3
Alternating light and dark bands 2.3-2.6
Light 2.6-2.7
Light 2.3-2.7
Light 2.4-2.7
Dark 2.6
Light 0.6
Light 2.6-2.8
Light 2.4-2.6
Light 2.2-2.8
Medium 2.5-2.9
Dark 0.9

- 2.4-2.8
Dark 2.7-2.8
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2.1: Identifying rocks

SIEESARAERS Go to page 170.

Figure 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 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.

2.1 Check your learning

BASALT
Fine and mixed
grain, dark colour

CONGLOMERATE

Mixed grain, hard
or soft, colour varies

GRANITE
Coarse grain,
hard, light colour

;7@.‘
2N
MARBLE

Coarse grain,
soft, light colour

PUMICE

Fine grain, soft,
light colour

RHYOLITE
Fine grain, often
larger crystals,
light colour

SCHIST
Medium or coarse

Figure 3 Colour is a property that depends on ‘4
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.

Figure 5 Grains are small pieces of material. 4
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.

SHALE
Fine grain, soft

COAL
Fine grain, soft,
dark colour

GNEISS
Coarse grain,
crystals in layers

N

LIMESTONE
Fine grain, soft,
light colour

OBSIDIAN

Fine grain, medium,

dark colour

P

QUARTZITE
Coarse grain,
hard, light colour

SANDSTONE
Coarse grain,
hard, light colour

SCORIA

Fine grain,

grain, layers, splits easily  dark colour

@

SLATE
Fine grain, soft,
dark colour

Figure 6 Some of the many

different types of rocks

Retrieve
1 Recall the branch of science that is the study
of rocks.

¢ [ am soft, shiny and dark in colour. I am often used

for flooring.
d I have mixed grains and my colour can vary.

2 Name the properties that are used to identify different
types of rocks.

Comprehend

3 Explain why properties other than colour should be
used to identify a rock.

Analyse

4 Use Table 1 and Figure 6 to identify these rocks.
a [am light in colour with a fine grain. I am

considered soft.

b Iam light in colour with holes in the surface.

OXFORD UNIVERSITY PRESS

Apply
5 Investigate different uses for three rock types of your
choice.

6 Determine whether pumice would be an appropriate
material for a kitchen bench (by describing the
properties needed for a kitchen bench and comparing
these properties to the properties of pumice).

Quiz me

Complete the Quiz me to check how well you've mastered
the learning intentions and to be assigned a worksheet at
your level.
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Learning intentions

By the end of this
topic, you will be
able to:

e define igneous
rock, magma,
lava, intrusive
igneous rock
and extrusive
igneous rock
describe the
differences
between magma
and lava, and
intrusive and
extrusive
igneous rock
relate the
differences in
structure and
appearances of
intrusive and
extrusive igneous
rocks with the
way in which they
are formed.

igneous rock
rock formed by cooling
magma and lava

magma
semi-liquid rock beneath
the Earth’s surface

lava

hot, molten rock that
comes to the surface
of the Earth in a
volcanic eruption

intrusive igneous rock
rock formed underground
by slowly cooling magma

extrusive igneous rock
rock formed at the
Earth’s surface by quickly
cooling lava

l[gneous rocks develop
from magma and lava

Key ideas

e Magma (hot liquid rock) flows deep beneath the Earth’s surface.
e When the magma moves above the Earth’s surface it is called lava.
¢ Igneous rocks form when magma and lava become solid.

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 the magma and lava from volcanic
eruptions cool and solidify.

Magma and lava

The term ‘igneous’ comes from the Latin
word ignis, which means ‘fire’. The hot,
molten rock inside the Earth is called
magma and its temperature can be more
than 1200°C. The magma chamber under a
volcano is the source of molten rock for the
volcano (Figure 1).

In a volcanic eruption, the red-hot magma
rushes out onto the surface of the Earth
as lava.

Extrusive igneous rock

| Intrusive
igneous rock

Figure 1 Igneous rocks are formed from volcanic magma.

26 OXFORD SCIENCE 8 AUSTRALIAN CURRICULUM

The cooler conditions at the Earth’s surface
help to solidify the lava quickly. Igneous rocks
also form from magma under the ground.
These igneous rocks look quite different from
those formed on the Earth’s surface because
they cool much more slowly.

Intrusive igneous rocks form slowly
beneath the surface of the Earth when magma
becomes trapped in small pockets. These
pockets of magma cool slowly underground
(sometimes for millions of years) to form igneous
rocks. The 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
(Figure 2). 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.

Extrusive
igneous rocks

Lava cools much more
quickly on the surface of
the Earth. This causes it to
form extrusive igneous
rock. Because the lava is
cooling more quickly than
the magma underground,
the crystals are smaller.
Sometimes, the lava cools so
quickly that no crystals are
formed. For example, pumice
has no crystal structure.
Pumice forms when hot,
gas-filled lava cools very
quickly. The many tiny
holes in pumice are formed
by volcanic gases escaping
from the cooling lava.
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2.2: What affects crystal size?
Go to page 171.

Figure 2 Granite is an intrusive igneous rock.

It has so many holes that it is extremely Scoria is a type of basalt that is full of
light and can float on water (Figure 3). Pumice bubble holes (Figure 4b). The lava was filled
stones are used to scour hard skin from feet, with gases when it began to cool and the holes
and powdered pumice is found in some abrasive  in the scoria are where the gas bubbles once
cleaning products. were. Scoria is a light rock that is often used for

garden paths and as fill in drainage trenches.
The diffel"ent forms Of basalt Obsidian is a smooth, black rock that looks
like glass (Figure 4c). It is formed almost

Magma can solidify into many different .
& Y Y instantly when lava cools and forms no crystals.

igneous rocks, which can vary in appearance.

.. . Obsidian is used to make blades for surger ; :
This is because of how igneous rocks form and . gery Figure 4 Basalt comes in
. . scalpels; the resulting blades are much sharper  different forms: a bluestone
the minerals they contain. . . '
than those made from steel. b scoria and c obsidian.

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 2.2 Check your learnlng

cools so quickly that large crystals do not form.

We commonly think of basalt as the Retrieve
building product bluestone (Figure 4a). First 1 Define the term ‘igneous’.
Nations peoples also use the hard basalt with 2 Name the type of rock that is produced by magma that cools deep
strong tensile strength in the production of below the Earth’s crust.
stone axes. Basalt can look different depending 3 Recall an igneous rock that would float on water.

on the type of volcanic eruption that produced
it and how quickly it cooled.

Comprehend
4 Describe how igneous rocks form.

5 The ancient civilisations that discovered obsidian had a competitive
advantage over those who didn’t. Explain a possible advantage of

obsidian rock. ﬁ“i
Analyse —

6 a Contrast (the differences between) the properties of intrusive
and extrusive igneous rocks.

b Consider the ways humans use these rocks and how their

S properties are important for their uses.
o o
- .. Figure 3 Pumice contains many holes that make it Quiz me
light enOL:L'gh to float on water. Complete the Quiz me to check how well you've mastered the learning
intentions and to be assigned a worksheet at your level.
“ - . o© P 5
A & = 9
o -
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Sedimentary rocks are
" compacted sediments

Learning intentions

Key ideas
By the end of this e Sedimentary rocks are formed from compacted particles or sediment.

t(;ﬂic- you will be e Stalactites and stalagmites are forms of sedimentary rock.
able to:

e describe the
process of
sedimentary rock

Sedimentary rocks are formed when loose
particles are pressed together (compacted) by

formation

name several
sedimentary
rocks

explain the
difference
between
biological and
chemical rocks.

the weight of the overlying sediments (Figure 1).

Sediments are rock particles such as mud, sand
or pebbles, which 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.

Sediment

Over thousands or even millions of years,
sediments form thick layers on the riverbed

%4@ L na
Figure 3 Sandstone is a popular building material.

This ancient temple of Abu Simbel in Egypt was
carved directly into the sandstone rock.

Video 2.3
Sedimentary rocks
sedimentary rock
rock formed from
compacted mud, sand or

pebbles, or the remains of
living things

or sea floor. Pressure from the overlying
sediments and water forces out air and
any gaps in the bottom layer. Over time,
the compacted sediments become
sedimentary rocks.

The names of some sedimentary rocks
are clues to the sediments that formed
them — sandstone, mudstone, siltstone and
conglomerate are all types of sedimentary
rock (Figure 2). Sandstone is made up of sand
deposited in environments such as deserts and
beaches (Figure 3). Conglomerate is a mixture
of all sizes of rocks that have become cemented
together (Figure 4).

Sediments are deposited in layers

S lad Dods. Figure 4 Conglomerate rocks have grains of

different sizes.

Biological rocks

Sedimentary rocks are not always formed
from the sediments of minerals or other rocks.
The 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 floor.
Eventually, they become cemented together
under pressure to form limestone.

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

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

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

The chemicals help cement the grains
together once the water has evaporated.

Figure 2 Shale (or mudstone) is the most
common sedimentary rock. Shale is a fine-
grained sedimentary rock made up of clay
minerals or mud.

Figure 1 The formation of
sedimentary rocks
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2.3: Making sedimentary rocks
¥ Go to page 172.

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.

The amazing long strands of rock found on
cave floors and ceilings are composed of calcium
carbonate from the limestone ceiling of the cave.
A stalagmite grows from the floor towards the
ceiling (they ‘might’ reach the ceiling one day)
and a stalactite grows down from the ceiling (they
hold on ‘tight’) (Figure 5). 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.
The 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.

2.3 Check your learning

Retrieve
1 Recall how sedimentary rocks form.

Figure 5 Stalagmites and stalactites form in limestone caves.

Ochre

Ochre is one of the sedimentary rocks most
valued by First Nations peoples in Australia.

It is valued for its high shine that generates a
shimmering effect in the light of a fire. It is
used in body paint, rock paint and on artwork.
There are six colours of ochre, from yellow to
deep orange or brown. First Nations peoples
have mined and traded sedimentary ochre for
thousands of years. Wilgie Mia in Western
Australia is 20 metres underground and is the
world’s oldest continuous mining operation
(Figure 6). This 27000—-40000-year-old mine
used pole scaffolding to prevent the mine from
collapsing on the miners while thousands of
rocks were removed to reach the ochre.

Figure 6 Wilgie Mia ochre

(2

6 Infer why sandstone is often used for carving statues.

Apply

2 Name three different sedimentary rocks.
3 Recall how stalactites and stalagmites form.

Comprehend
4 Explain the link between plants and coal.

Analyse

5 Compare (the similarities and differences between)
the formation of biological and chemical sedimentary
rocks.

OXFORD UNIVERSITY PRESS

7 A student claims that sandstone is made up of sand.
Evaluate their claim (by explaining how sandstone
is formed and using this to decide whether the claim
is correct).

Quiz me

Complete the Quiz me to check how well you've mastered
the learning intentions and to be assigned a worksheet at
your level.
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4

Learning intentions

By the end of this
topic, you will be
able to:

e define
metamorphic
rock, foliation
and index
mineral
describe the
process of
metamorphic
rock formation
explain why
metamorphic
rocks are

stronger than the

original material.

metamorphic rock
rock formed from other
rock due to intense heat
and pressure

foliation

layering in a rock
that occurs when the
rock is subjected to
uneven pressure

index mineral

Metamorphic rocks require
heat and pressure

Key ideas

¢ Rocks deep underground experience high pressure.

e High pressure generates high temperatures.

e High pressures and temperatures cause the rearrangement of minerals to form

metamorphic rock.

Metamorphic rocks are formed when other
types of rock 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. For example,
limestone changes to marble (Figure 1).

Change in appearance

The combination of high temperatures and
pressures causes differences in the appearance
of metamorphic rocks. (Metamorphism means
‘change in form’.) As you go deep underground,
the temperature gradually increases. Miners in
South Africa’s West Wits minefield, who work
up to 3.9km below ground, report temperatures
up to 60°C. Temperatures can get much higher
anywhere magma intrudes.

The pressure of the earth above the rock
also contributes to the different appearance of
metamorphic rocks. Bands can occasionally
be seen in metamorphic rocks formed under
high pressure. If the pressure is uneven, the
rock crystals can twist. This is called foliation
(Figure 2).

Change in minerals

Metamorphic rocks also change chemically.
Some metamorphic minerals (sillimanite,
kyanite and garnet) only form at high
temperatures and pressures. They are called
index minerals because they can tell us the
history of what happened to the minerals in the
rock — 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.

a mineral that only forms at

a particular temperature and
pressure; used to determine
the history of the rock that
contains the mineral

Figure 2 Foliation occurs = %
when rock is subjected to

uneven pressure.

Figure 1 The Taj Mahal in India is made of marble, the metamorphosed form of limestone. With its dense
composition and beautiful patterns, marble is a popular material for sculptures and kitchen benchtops.
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2.4: Making a metamorphic rock
EXPERIMENT 7 Go to page 173.

Figure 3a When granite, an igneous rock, 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.

The heat and temperature can cause some The Bama people knew that slate, which
crystals to change their size and shape. absorbs little water, would not absorb the toxins
Recrystallisation occurs when the crystals are from the ground kernels, making the tools safe
squeezed together so tightly that they partially to use over and again.

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 (Figure 3). This can affect
how metamorphic rocks are used.
Metamorphic rocks are stronger than the
original material because the particles have
been fused together under great pressure
or heat. This strength made rocks such as
quartzite useful to First Nations peoples
for producing grindstones and millstones
(Figure 4). The rough surfaces of the
stones made it easier to produce flour from
different seeds. The Bama people of northern
Queensland, however, cut ridges in smooth

slate so that the rough surface could be used to : . - . -
grind toxic cycad kernels. Grinding the kernels Ko Bt "“ ol
with water releases the toxins and makes the = L -“-( e el 2
kernels safer to eat. Figure 4 A quartzite grindstone used by First Nations peoples

2.4 Check your learning i

Retrieve 6 a Identify which type of rock is stronger: sandstone

1 State where metamorphic rocks are formed. or marble.

b Justify your answer (by explaining how each rock

Comprehend is formed, linking this to its properties and deciding
2 Describe how metamorphic rocks are formed. which is stronger).
3 Describe a foliated rock.
4 Explain why quartzite is useful for a grindstone. Quiz me

Complete the Quiz me to check how well you've mastered
Apply the learning intentions and to be assigned a worksheet at
5 A student claimed that a rock had to be igneous your level.

because it had quartz crystals. Evaluate their claim
(by explaining how quartz crystals are formed and
using this to decide whether the claim is correct).
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Learning intentions

By the end of this
topic, you will be
able to:

e describe the
rock cycle,
weathering,
erosion, onion-
skin weathering
and frost
shattering
describe the
differences
between
physical,
chemical and
biological
weathering.

9 Video 2.5
What is the rock

cycle?

rock cycle

the process of formation
and destruction of different
rock types

onion-skin weathering
weathering of rock where the
outside of the rock peels off

tor
a large, round rock produced
by onion-skin weathering

frost shattering

a process of weathering in
which repeated freezing
and melting of water
expands cracks in rocks, so
that eventually part of the
rock splits off

The rock cycle causes
rocks to be re-formed

Key ideas

e Weathering is the breaking down of rocks and minerals through the movement of water
and animals, and the extremes of temperature.

e FErosion is the movement of the sediment to another area.

e The rock cycle describes the formation of sediment, sedimentary rock, compression to
metamorphic rock and melting and solidification to form metamorphic rock.

The rock cycle is an ongoing process that
describes the formation and destruction of
the different rock types (Figure 1). Each
part of the rock cycle can take up to

20 million years.

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. This daily
heating and cooling affects only the outside
of the rock. This is because rocks do not
conduct heat very well. Sometimes the
outside of the rock can peel off, just like an

onion skin. This process is called onion-skin
weathering and the round rocks produced in

this way are called tors (Figure 2a).

When water freezes at night, it expands
and takes up more space.

¥ i

Igneous
I rock 4L

Sedimentary rock

Figure 1 The rock cycle
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When water freezes in the crack of a rock,
it expands and pushes hard against the rock
around it. This can make the crack larger.
When the ice melts during the warmer day,
water fills the crack again. The next night, ice
forms again and makes the crack even larger.
This process is repeated many times until part
of the rock is split off. This process is called
frost shattering (Figure 2¢).

Figure 2 Physical weathering can include
a onion-skin weathering, b wearing away by
water (abrasion) and c frost shattering.
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2.5: Modelling the rock cycle
Go to page 174.

Chemical weathering

Chemical weathering changes the minerals in
rocks. 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 3).

Biological weathering

Biological weathering can start with a seed
falling into a crack in the rock. Soil and water
in the rock encourage the seed to grow. As the
roots grow, they push on the cracks in the rock,
eventually causing the rock to break (Figure 4).

Deposition

Over time and during the process of
weathering, large rocks are broken down

into smaller rocks, which are broken down
into sediment. The sediment is eroded and
carried by wind and water to an area where

it accumulates in layers. Over time, many
different layers of sediment from the different
forms of weathering are built on top of each
other. This process is called deposition.
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 from the heavy
top layers. Over time, the layers sink deeper,
putting even more pressure on the deep layers.

2.5 Check your learning

Comprehend
1 Describe how tors are formed.
2 Describe the process of frost shattering.

3 Describe the different stages in the rock cycle. Use the
rock cycle diagram in Figure 1 to assist you.

Analyse

4 Compare (the similarities and differences between)

biological and chemical weathering.

5 Contrast (the differences between) weathering

and erosion.

OXFORD UNIVERSITY PRESS

This can cause the rocks to heat up. Increased
temperature and pressure cause 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, the rock

is uplifted and exposed to wind and water. The
cycle continues.

Figure 4 Biological weathering can be caused by
plant roots.

Apply

6 Create a story about 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

Figure 3 Chemical weathering
can be caused by acid rain.

deposition

the process whereby
sediment from different
forms of weathering
accumulates in layers

Figure 5 The rock cycle can
lead to rocks being smoothed.

i

many times in many different ways. Describe the life
that your rock experiences. Remember to include the

length of time that each step of the process takes.

Quiz me
Complete the Quiz me to check how well you've mastered

the learning intentions and to be assigned a worksheet at

your level.
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Weathering and erosion can
- be prevented

Learning intentions Key ideas

By the end of this e Humans can impact weathering and erosion.
topic, you will be ¢ Understanding how weathering and erosion occurs allows us to prevent it.
able to:  Engineers design solutions to erosion.

e describe the

reasons for soil

erosion Humans are very good at changing their
describe ways environment to suit their needs. However, this
to reduce or has changed the rate of rock weathering and
prevent soil erosion. This has resulted in flooding and poor
erosion. food production. Soil erosion engineers are

helping to solve this problem.

Figure 1 Footpaths, roads

and roofs affect how water Preventing erOSion

moves around the land. . . .
The 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 (Figure 2). 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 flow.

The roots of plants interlace with other roots
and the soil, helping the soil 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 flows off
the road and carries away further soil layers.

Figure 2 Australia's This can slowly remove the support beneath
population has increased the built structures, causing them to collapse.
dramatically since The loose soil and rocks can trigger damaging
the bggmnmg of the landslides (Figure 3). Engineers are responsible
twentieth century. for developing ways to solve this problem.
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2.6: Preventing soil erosion
CHALLENGE Go to page 175.

Engineering solutions

Figures 4-9 show some solutions to weathering and erosion.

Figure 4 Engineers try to minimise Figure 5 Groynes are built on Figure 6 Terraces may be built to

erosion by controlling the flow of water beaches to remove some of the energy allow water to follow a set path that is

with dams and levees. of the waves. They protrude from the protected from erosion by human-made
beach and trap the sand, preventing structures such as drains, or by plants.
its erosion. This reduces the force of the water,

making it less likely to cause damage.

Figure 7 New products have been Figure 8 Temperature erosion causes Figure 9 Regular cleaning prevents
developed that allow water to move materials such as concrete to crack. the build-up of moss and pollution
through them instead of becoming Footpaths have grooves in them to allow that might contribute to biological or
run-off. This allows the water to for their expansion during hot weather. chemical erosion.

be absorbed into the soil and join
the groundwater.

2.6 Check your learning (2

Retrieve 5 Contrast (the differences between)
1 Recall why a groyne might be used on weathering and erosion.
a beach. Apply
2 State what a soil engineer does. 6 Find an area near your school that has
Comprehend been affected by erosion. Propose a way

. . to prevent further erosion.
3 Explain how an engineer could prevent p

water from eroding soil. Quiz me
Analyse Complete the Quiz me to check how well

you've mastered the learning intentions and

4 Identify two ways erosion can affect ;
y ¥ to be assigned a worksheet at your level.

food production.
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Learning intentions

By the end of this
topic, you will be
able to:

e describe two
different types
of fossils
use fossil
evidence to
predict how and
when rock was
formed.

Figure 1 Diprotodon
optatum is the largest
marsupial that is known
to have existed.

trace fossil

traces of an organism
that existed in the past

fossilisation

the process of an
organism becoming
a fossil

The age of a rock can be

calculated

Key ideas

e Fossils can tell how and when a rock was made.

e Fossils can be the remains of an organism.

e Trace fossils are rock versions of prints of feet or leaves.
¢ Opalised fossils are replicas of a fossil made of opal.

Over 95 million years ago Australia was
populated by megafauna. These large animals
included a wombat ancestor the size of a
rhinoceros (Diprotodon optatum) (Figure 1), and
a giant monitor lizard, Varanus priscus, that was
up to 7 metres long (Figure 2).

Figure 2 Varanus priscus is an extinct giant monitor
lizard.

We know that these animals existed because
of the fossils found at Lightning Ridge in
New South Wales and Coober Pedy in South
Australia.

What are fossils?

Fossils are the remains or traces of organisms
that are now extinct. A trace fossil can include
footprints in the mud that become permanent
when the sedimentary mud becomes hardened
into sedimentary rock. This process can also
occur when leaves fall to the ground and leave
an imprint or mark in the dirt.

Fossilisation occurs when the footprint or
imprint is covered by sediment (Figure 3). This
prevents the weathering of the marks. Over
time, more layers of sediment are deposited,
pushing down on the dry imprinted mud.

The pressure allows the sediment to form
sedimentary rock.
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Fossils are only found in sedimentary rock.
If sedimentary rock is exposed to too much
pressure or heat, then the rock will undergo
physical and chemical changes and become
metamorphic rock. These changes will usually
destroy the fossil. If the sedimentary rock is
melted into magma and cooled into igneous
rock, the fossils will also be destroyed.

Figure 3 Formation of a fossilaand b If an
organism dies near water, it has a greater chance
of being buried in sedimentary sand. This protects
the body from being eaten. ¢ Over millions of years
more sediment is deposited, replacing the remains
so they are transformed into sedimentary rock.

d Uplift, weathering and erosion may cause the
fossil to be exposed.
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2.7: Making a fossil
" Go to page 176.

Opalised fossils

When some Australian megafauna died, their
bodies became covered in sediment such as
sand or weathered rocks. This prevented other
animals from eating them, or bacteria and
fungi from decomposing the body. Sometimes
the soft parts of the body would decompose,
leaving just the bones to be covered. The bones
take longer to break down. If the sediment
hardened before the bones decomposed, then

a cavity or hole in the shape of the bone would
form. Over millions of years, this cavity would
become filled with a type of silica, a mineral,
that forms opal. This opalised fossil is a copy of
the original bones that were buried. Eventually
the sedimentary rock may be uplifted and

the surrounding rock weathered and eroded,
allowing the fossil to be seen.

Predicting the age of a rock

Knowing how long ago a megafauna such as
Zygomaturus trilobus lived allows us to work

out when a sedimentary rock was made.
Zygomaturus trilobus was another large wombat-
like marsupial the size of a large bull (Figure 4).
Through a special form of dating that uses

the amount of radioactive material in the

fossil, it was worked out that the animal died
about 33000 years ago. This means that the
sedimentary rock surrounding the fossil was
33000 years old. The rock that is above the
fossil is less than 33000 years old, and the rock
found deeper under the fossil is more than
33000 years old (Figure 5).

Who killed the megafauna?

For many years it was thought that the
Australian megafauna were killed over

50000 years ago by
First Nations peoples
who lived in what is now
known as Australia. This
is now being questioned
as the discovery of

the 33000-year-old
Zygomaturus trilobus at
Willandra Lakes, NSW,
suggests that the two
species lived in the same
area for over 17000
years. This coexistence
suggests that the large
wombat ancestors were not hunted out of
existence during that time.

=

Figure 4 Zygomaturus trilobus lived 33000 years ago.

Conglomerate

Sandstone '
X | Youngest

Shale rocks

Limestone &S

Figure 5 The rock above the fossil must be younger. The rock below the fossil
must be older than the fossil.

2.7 Check your learning

Retrieve
1 Recall two types of fossils.
2 Identify the mineral that is found in opal.

Comprehend

3 Explain why fossils are not found in igneous or

metamorphic rocks.

Describe how fossilised opals are formed.

Apply
6 Determine how old the rock above a 50000-year-old
fossil would be.

Quiz me

Complete the Quiz me to check how well you've mastered
the learning intentions and to be assigned a worksheet at
your level.

5 Explain why First Nations peoples are no longer
thought to have hunted megafauna to extinction

in Australia.
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//SCIENCE AS
A HUMAN ENDEAVOUR//

The locating and
extraction of minerals
relies on scientists

2.8

Learning intentions

By the end of this

topic, you will be

able to:

e describe the
processes of

geophysical and
geochemical
testing

evaluate the
benefits and
costs of mining.

seismic geophysical
testing

the collecting of
geophysical data such as
differences in magnetic
fields and gravity fields
between different
geological locations

Figure 1 Geological
maps allow geologists to
determine the location of
mineral resources that
could be extracted.

Geologists are scientists who study
the rocks and particles that make
up the Earth and the rocks that were
formed. As part of this study they
produce and use geological maps
using geophysical methods such

as seismic testing, magnetometer
testing, electromagnetic testing and
gravimetric testing. Geochemistry
involves the use of chemistry
principles to identify the location and
type of minerals in the earth.

Water-bearing
sandstone

below Earth’s §

e or% Earthquake faults = Landslides

wisn  Land subsidence /777 Radon

Geological
mapping

Geological maps show all the rocks and
minerals in an area. These maps are a
representation of the types of rock found under
the surface of the Earth. Different colours or
symbols are used to indicate the types of rock
found at each location (Figure 1).

These maps can be used to locate ground
water, identify possible contamination risks,
predict earthquakes or volcanic eruptions and
identify energy and mineral resources and the
costs of mining them.

They can be constructed in different
ways. Most are a result of geophysical and
geochemical testing.

Geophysical
testing

Geophysical testing involves the testing of

the physical properties of the earth and the
atmosphere. This may include oceanography
(the study of the ocean), seismology (the study
of earthquakes), vulcanology (the study of
volcanoes) and geomagnetism (the study of the
Earth’s magnetic field).

Seismic geophysical testing involves
sending vibrations into the earth. The
vibrations move differently in different types
of rock. The vibrations often bounce off
the different layers of rock and travel back
to the surface. Special microphones called
geophones are spread across the surface of the
Earth. These geophones record the returning
vibrations and a computer uses the data to
construct a 3D map.



2.8A: Copper treasure hunt
Go to page 177.

Figure 2 Seismic refraction method

Oceanography boats will often carry
out geophysical surveys to locate geological
structures on the ocean floor (Figures 2 and 3).
The presence of some metals beneath the
Earth’s surface can cause small changes in the
Earth’s magnetic field. These small changes can
be picked up by magnetometers (Figure 4).
Electromagnetic pulses can be sent
into the soil to detect different types of
minerals. Some rocks contain minerals that
do not conduct electricity, whereas others are
affected by the electromagnetic signal.

batteries

AU

Digital recorder

2.8B: What if a muffin were
mined in different ways?

EXPERIMENT  NOSEFYSSSI?Y

Figure 3 Oceanography boat

This change is detected by specialised
meters carried by the geophysicist.

The gravity of the Earth is not constant
(Figure 5 on page 40). Small changes are
caused by the density of the rock under
you. You would not be able to pick up these
variations in gravity; however, they can be
detected by a gravimeter. For large-scale
surveys, helicopters carrying gravimeters fly
in grid patterns across the surface of the Earth
(Figure 6 on page 40).

Figure 4 Person walking across the Earth’s surface with a magnetometer

magnetometer

a device that detects the
difference in a magnetic
field between one location
and the next
electromagnetic

relating to the physical
interaction between
moving charged particles
and the magnetic field that
is created as a result
gravimeter

a device that measures
the difference in gravity
between one location and
the next




g Gravity profile across a sedimentary basin

Gravity profile across a granite batholith

granite

gy Gravity profile across a metalliferous ore body

ore body

Figure 5 Granite and sedimentary rocks have lower gravitational fields than metal ores.

Figure 6 Helicopter with a front-end gravimeter

Geochemical
testing

Geochemical analysis is used to determine
what chemicals or minerals are in the rocks. It
can be used to detect the presence of petroleum
products, metals and commercially valuable
minerals. It can be like a treasure hunt.

Small samples of sediment or rocks are collected
at a number of different sites and are taken

back to a laboratory for chemical tests. Some
samples might show a higher than normal level
of a mineral such as copper. The geochemist
will then go back to the site where those samples
were located, and do further tests to locate the
source of the copper.



E X t rac t i N g t h e deep under the Earth’s surface, sub-surface

mining — where tunnels or shafts are used

minera 1 S to reach the mineral deposits — may be used.
Extracting the minerals can be very Geologists will often prepare reports on the
expensive. If the mineral is close to the costs of mining the mineral. This will then be
surface, open mining may be used. This compared to the amount of money expected
involves removing the surface of the soil, to be made from selling the mineral. If the

so that the mineral can be easily extracted cost of mining is less than the expected value
and taken for processing. If the mineral is of the mineral, the extraction will begin.

2.8 Test your skills and capabilities (2]
Evaluating the importance of land use 2 Describe how the use of land in this way could affect your
The amount of land available for use is limited. This life in a positive way and therefore be important to you.
can cause ethical conflict between the needs of different 3 Evaluate which of the four uses of the land is most
groups in the community, including: important by determining which of the reasons is
a mining resources most significant to you and explaining why you made

b food production this decision.

4 Consider: if the land surrounding your house was
needed for this use, describe how this would change
the way you live. Describe whether this changes

For each of the needs above: the decision you made in question 3. Explain

1 Describe one reason why the need for an area of land your reasoning.
may be important.

¢ housing

d conservation of native plants and animals.

T T
120°E 140°E 1

LEGEND

© Base metals - Cu (Zn, Pb, Ag, Au)

@ Base metals - Zn, Pb (Cu, Ag)

© Base metals - Cu, Au, Uranium

© Coal

® Diamond

o 20°S -{ @ Glod, copper, silver, iron ore

O Heavy mineral sands

O Iron ore

O Light metals - Al, Li, Mg

O Other metals - Sn, Sb, W, Ta

@® Phosphate

@ Platinum-group elements

O Precious metals - Au, Ag

O Rare earth elements

® Steel making metals - Ni, Cr, V,
Co, Mo, Mn

Adelaide L] O Uranium
Mine status
Melbournie O Operating mine
U Y A Developing mine

i 1 w i 40°5 | [ Mineral deposit
Hobart

Figure 7 Geolocation has identified many different minerals across Australia.




CHAPTER 2 REVIEW

THE ROCK CYCLE

Retrieve

1

Recall the visual properties of rocks that can help identify
them.

Recall the basis of rock classification.

Identify the rock type that is formed from lava.
A sedimentary rock

B metamorphic rock

C igneous rock

D marble rock

Define the following terms.
a extrusive igneous rocks
b intrusive igneous rocks

¢ sediment

Recall the term used to describe a rock breaking apart
because of daily heating and cooling.

A physical weathering

B chemical weathering

C biological weathering

D erosion

Identify the correct statement. Fossils usually form:
A in layers of sediment.

B in layers of igneous rock.

C as wind erodes layers of rock.

D as water erodes layers of rock.

Comprehend

7

8

9

Copy and complete the following sentences.

a are small pieces of organised
particles that have smooth sides and sharp edges.

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.

Describe the properties used by geologists to identify
different rocks.

Explain why colour alone is not a reliable guide for
identifying rocks.

10 Describe the properties that would allow you to

determine the difference between intrusive and extrusive
igneous rocks.

11

12

13

14

15

Explain how sedimentary rocks form at the Earth’s
surface.

Describe the properties of ochre that make it valuable to
First Nations Australians.

Describe how the different rock formations found in a
cave (stalactites, stalagmites and columns) form.

Describe the relationship between weathering and
erosion.

Explain why and how electromagnetic pulses detect
metals.

Analyse

16

17

18

Infer why pumice has no crystal structure even though it
is a rock.

Use Table 1 from Topic 2.1 to identify the following rocks
based on their properties.

a afine grain and no hardness, dark in colour
b density of 2.2-2.8, light colour, coarse grain size, hard
¢ fine grain size, soft, dark in colour

Examine the rock samples in Figures 1 and 2.

a Use Table 1 in Topic 2.1 to identify the rocks.
b Explain your responses.

¢ Recall the type of rock each sample is.

d

Consider how their appearance relates to the way in
which each was formed.

Figure 2 Rock sample 2



19 Compare obsidian and scoria rocks.

20 Contrast magma and lava.

21 Some famous works of art are made of marble (Figure 3). rocks were formed and how they would have changed
a Recall the properties of marble. over time. Describe how they may change over the
b Categorise the properties of marble as being ideal next 1000 years.

for art works and not ideal for art works.

Figure 3 The famous marble statue of David, created by
Michelangelo between 1501 and 1504

22 Contrast the different ways a rock can undergo
weathering.

23 Cave systems in limestone rock follow the course of
underground rivers. Infer why water is necessary to
form caves.

24 Reflect on why only simple fossils are found in the oldest
types of rocks, whereas younger rocks have fossils of
larger mammals.

Apply

25 There are no active volcanoes on the mainland of
Australia, but there are still examples of igneous rocks
throughout the country. Suggest what this implies about

the history of volcanic activity in Australia. 30 Create a flow chart showing how fossils are formed.

26 Determine what types of rocks you would look for if you 31 Use the rock cycle (Figure 5 on page 44) to create a
were a palacontologist searching for fossils. mind map linking the concepts you have learnt about in
this chapter.

27 Propose two ways to prevent water from eroding a

memorial rock located in a town centre at the base Include:

of a hill.

>

>

Critical and creative thinking

>

28 Victoria, New South Wales and Queensland are susceptible
to flood waters that can cause quick erosion. Based on the

engineering solutions from Topic 2.6, propose what towns

in flood-prone areas could do to protect themselves.

29 Figure 4 shows the Twelve Apostles found along the
Victorian coast. Use this image to describe how these
rocks were formed. Create a poster to show how the

=

Figure 4 The Twelve Apostles are located off the coast of
Victoria.

the properties of rocks

the formation of different rock types
weathering and erosion and their prevention
dating of rocks

extraction of minerals.

CHAPTER 2 THE ROCK CYCLE



A

T Igneous rock

Magma /

Metamorphic rock

Sedimentary rock

Figure 5 The rock cycle

Social and ethical thinking

32 Some people say that Australia is a huge quarry. This is
because Australia mines so many minerals and sells them.
Working on your own, determine 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.

Research

33 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.

» 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.

» Describe an oil reservoir.

» Describe the conditions that are needed for an oil
reservoir to form.

Describe how an oil field is formed.

» Gemstones

A gemstone is a mineral crystal that has been cut and
polished. They are often used in jewelry. Some rocks,
such as opal and obsidian, are not crystals but can also
be polished and used for decoration.

»

»

»

»

Describe what gemstones look like.

Identify which gemstones are found in Australia.
Select one of these gemstones and identify where in
Australia they have been mined.

Describe how a miner might have extracted this
gemstone from the earth.

» 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.

»

»

Describe why different metals are 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.



Chapter checklist

Now that you have completed this chapter, reflect on your ability to do the following.

Recall the properties of rocks.

Identify rock samples, including by using a provided
dichotomous key.

Define igneous rock, magma, lava, intrusive igneous
rock and extrusive igneous rock.

Describe the differences between magma and lava, and
intrusive and extrusive igneous rock.

Relate the differences in structure and appearances of
intrusive and extrusive igneous rocks with the way in
which they are formed.

Describe the process of sedimentary rock formation.
Name several sedimentary rocks.

Explain the difference between biological and
chemical rocks.

Define metamorphic rock, foliation and index mineral.
Describe the process of metamorphic rock formation.

Explain why metamorphic rocks are stronger than the
original material.

Describe the rock cycle, weathering, erosion, onion-skin
weathering and frost shattering.

Describe the differences between physical, chemical
and biological weathering.

Describe the reasons for soil erosion.
Describe ways to reduce or prevent soil erosion.

Describe two different types of fossils.

Use fossil evidence to predict how and when rock
was formed.

Describe the processes of geophysical and
geochemical testing.
Evaluate the benefits and costs of mining.

Check your Student obook pro for these
digital resources and more:

Quizlet @ Chapter quiz
Play a Quizlet game to test Test your understanding

your knowledge.

of this chapter with the
chapter review quiz.

| can do this.

[

]

)

| cannot do this yet.

Go back to Topic 2.1 ‘Rocks have different
properties’.
Page 24

Go back to Topic 2.2 ‘Igneous rocks develop
from magma and lava’.
Page 26

Go back to Topic 2.3 ‘Sedimentary rocks are
compacted sediments’.

Page 28

Go back to Topic 2.4 ‘Metamorphic rocks
require heat and pressure’.
Page 30

Go back to Topic 2.5 ‘The rock cycle causes
rocks to be re-formed".

Page 32

Go back to Topic 2.6 ‘Weathering and erosion
can be prevented'.

Page 34

Go back to Topic 2.7 ‘The age of a rock can be
calculated'.

Page 36

Go back to Topic 2.8 ‘Science as a human
endeavour: The locating and extraction of
minerals relies on scientists'.

Page 38

CHAPTER 2 THE ROCK CYCLE
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3.4

3.5

Tectonic plates can be
constructive or destructive

> Describe how the Hawaiian Islands
may have formed from a hot spot.

> Provide examples of natural
events that occur because of
plate interactions.

> Relate constructive and destructive
boundaries with diverging and
converging boundaries.

Science as a human endeavour:
Engineering solutions in
earthquake zones

> ldentify body waves and surface
waves as the two main types
of earth movements that occur
during an earthquake and provide
examples of each.

> Provide examples of structures and
materials that can be used to limit
the impact of earthquakes.

What if?

Clay plates

What you need:
Modelling clay

What to do:

Divide the clay into two equal portions.

Flatten out each portion to approximately
1cm thick.

Gently slide the portions towards each other.
What if?
» What if one portion slides over the other?

» What if the two clay portions are jammed
together?

What if the two portions are moved apart?




Learning intentions

By the end of this
topic, you will be
able to:

e define crust,
mantle, core,
tectonic plate
and magma
describe the
layered structure
of Earth.

core
the centre of the Earth

mantle
the layer of molten rock
beneath the Earth’s crust

The Earth 1s made of layers

Key ideas

e The Earth is made up of several layers.

e The centre of the Earth, or core, has two layers: the outer core of liquid iron and nickel,

and the inner solid core.

e The next layer, the mantle, is made up of molten rock.

e The outer layer of the Earth that we live on is the crust, or lithosphere.

What is the Earth made of?

Although the Earth is described as a solid
planet, it began as a ball of molten materials.
Scientists believe the Earth and other planets
are the result of an explosion billions of years
ago. According to this theory, the Earth began
as a molten fragment from this explosion.

The Earth’s surface has continued to slowly
change and is still changing — many rocks have
worn down to form soil and sand, mountains
and valleys have formed, and the land and
oceans have changed shape. Some of this
change is caused by weathering and erosion

at the surface. Other changes are due to the
movement of the molten rocks from deeper
down, which in places push their way up to
the surface and also move sections of the
Earth’s crust.

Crust
Mantle

Outer core

Inner core

Figure 1 Layers of the Earth
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If you could journey deep inside the Earth,
you would find that it is made of several layers
(Figure 1).

Core

The core is the centre of the Earth. It consists
of the outer core and the inner core. The outer
core is made mainly of metals, not rock; the
main metal is iron, possibly with some nickel.
It is very hot and liquid, with temperatures
ranging from 4000°C to 6000°C. The heat
comes from nuclear reactions, and some of
the heat is left over from when the Earth was
formed. The outer core gives the Earth its
north and south poles and magnetic field.

The temperature of the inner core is almost
10000°C, but it does not melt or boil because of
the force of the rest of the Earth pushing down
on it. Of course, no geologist has ever seen the
core. Even the deepest mines only penetrate a
few kilometres of the Earth’s crust.

Mantle

The mantle is between the core and the crust.
It is about 2800km thick. Temperatures near
the crust are about 500°C and at the bottom

of the mantle reach 3000°C. Although the
bottom of the mantle is solid, nearer the top the
rock slowly moves. The top part of the mantle
is more like modelling clay than solid rock.

It is the source of volcanoes and earthquakes.
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3.1A: Cooling and layers
Go to page 179.

EXPERIMENT

Crust

The crust (or lithosphere) is the outer layer
(7-50km thick) of the Earth. It is a thin, brittle
outer coating, like the shell of an egg. It is made
up of rocks and minerals, and approximately
70 per cent of it is covered by oceans. The
crust is not smooth: it has hills, mountains,
valleys, oceans and deserts. It is thickest under
the continents and thinnest under the oceans
(Figure 2). Compared to the rest of the Earth’s
layers, the crust is very thin.

Oceanic crust

Continental
crust

Figure 2 The Earth’s crust is thinner beneath the
ocean than beneath the continents.

3.1 Check your learning

Retrieve

1 Identify the layer of the Earth that
contains tectonic plates.

2 Identify the layer that contains magma.

Analyse

3 If the Earth’s radius is about 6370km, use
the information about the crust and the
mantle to calculate the thickness of the
Earth’s core.

Apply

4 “The Earth’s crust is the same thickness
everywhere.” Evaluate this statement
(by comparing the approximate thickness
of the Earth’s crust at two extremes —
the Andes and Victoria — and deciding
whether the statement is likely to
be correct).

OXFORD UNIVERSITY PRESS

3.1B: Modelling the parts
of the Earth
Go to page 180.

CHALLENGE

The moving crust

The crust is broken into a number of pieces,
called tectonic plates. These plates float on the
semi-liquid magma at the top of the mantle.
The speed of movement is similar to that of
fingernail growth: between 1cm and 10cm per
year. Sometimes the tectonic plates crash into
one another, causing one plate to slide under the
other. The plate on top buckles under pressure,
pushing the land upwards (Figure 3). For
example, the Indo-Australian Plate is sinking
under the Eurasian Plate. This has caused

the Eurasian Plate to buckle, pushing up the
world’s highest mountain range, the Himalayas
(Figure 4).

Figure 4 The Himalayan
Mountains have been
pushed up by pressure
from beneath the Earth.

crust
the lithosphere, or outer
layer of the Earth

Figure 3 Colliding plates cause the Earth’s surface to buckle.

(2

5 Examine Figure 3. Evaluate whether
this diagram could be used to model
the formation of the Andes Mountains
(by describing how the Andes are
formed, comparing this to the diagram
and deciding whether it is an accurate
representation).

Quiz me
Complete the Quiz me to check how well

you've mastered the learning intentions and
to be assigned a worksheet at your level.

CHAPTER 3 PLATE TECTONICS

tectonic plate

a large layer of solid
rock that covers part

of the surface of the
Earth; movement of
tectonic plates can cause
earthquakes

magma
semi-liquid rock beneath
the Earth’s surface

49



Learning intentions

By the end of this
topic, you will be
able to:

e define continental
drift, sea-floor
spreading,
convection
current, ridge
push, slab pull,
continental
shelf and plate
tectonics
describe evidence

that supports the
theory of plate
tectonics.

Figure 1 Alfred Wegener
pioneered the theory
of continental drift in
his book The Origin of
Continents and Oceans.

plate tectonics

the theory that the surface of
the Earth consists of a series
of plates that are continually
moving due to convection,
ridge push and slab pull

continental drift
the continuous movement of
the continents over time

sea-floor spreading

the theory that the middle of
the ocean is spreading apart,
forming new oceanic ridges

convection

the transfer of thermal
energy by the movement of
molecules in air or liquid
from one place to another

Forces cause tectonic

plates to move

Key ideas

e Continental drift describes the drifting of the continents.

e Plate tectonics explains how and why the continents are moving.

e The forces involved in plate tectonics are convection current, ridge push and slab pull.

Many theories have tried to explain why there
are earthquakes, mountains and deep-sea
trenches over the surface of the Earth. One of
the first theories was that the Earth was cooling
down and therefore shrinking, causing ‘wrinkles’
to form on the surface. Like all theories, this idea
was testable and was eventually changed and
refined as new evidence became available. In this
topic, you will see how the scientific hypothesis
of continental drift was suggested, discounted,
modified and then revived as plate tectonics.

Continental drift

One piece of evidence is the similarities in
shape between the coastlines of Africa and
South America. They seem to fit together like
a jigsaw puzzle. In the early twentieth century,
German meteorologist Alfred Wegener put this
idea and other evidence into a book in which
he outlined the theory of continental drift.
He proposed that the continents once all fitted

together in a giant continent known as Pangaea.

Wegener proposed that Pangaea was a
supercontinent that existed 220 million years
ago. When it started to break up, the continents
slowly drifted apart as they moved through the
oceanic crust. He supported his claims with
the evidence of coastline fit, similar fossils,
rocks and landforms created by glaciers in

Africa
India

South America

Antarctic

50 OXFORD SCIENCE 8 AUSTRALIAN CURRICULUM

now widely separated continents, and the
reconstruction of old climate zones.

For many years, other scientists did not
support Wegener’s theory of continental drift.
It wasn’t until after he died in 1950 that science
developed the equipment to study smaller earth
movements (seismometers) and landforms
deep under the ocean (magnetometers). Maria
Tharp and Bruce Heezen created the first map
of the floor of the Atlantic Ocean. This map
identified the Mid-Atlantic Ridge, the longest
mountain range in the world. It just happens to
be deep under the ocean.

Sea-floor spreading

The idea of sea-floor spreading was proposed
by US geologist Harry Hess in 1962. His
evidence came from the discovery of the
Mid-Atlantic Ridge, a continuous mountain
range in the middle of the Atlantic Ocean
(Figure 3). Hess’s original hypothesis was

that the liquid mantle of melted rock (magma)
under the tectonic plates was moving, creating
convection currents. This moving mantle deep
inside the Earth causes magma to rise in ridges
under the ocean, pushing the tectonic plates to
spread and move apart.

Convection currents

In liquids and gases, thermal energy can
move by convection. The mantle closest
to the Earth’s core gains thermal energy.

Fossils of the fern
Glossopteris found

in all the southern
continents supports that
they were once joined.

Figure 2 Given that the
fossil fern Glossopteris
cannot walk, swim or
fly, how can its isolated
occurrence in so many
different parts of the
world be explained?
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3.2A: Reconstructing Pangaea

CHALLENGE Go to page 181.

movement

At'ant/c Ridge

Mid-

Figure 3 The Mid-Atlantic Ridge provided evidence
of sea-floor spreading.

This means the molecules in the magma move
faster. Because they move faster, they take up
more space and become less dense. As a result,
the heated magma near the core begins to rise
to the surface, leaving room for cooler magma
to take its place. The heated magma cools as

it reaches the Earth’s crust. As it cools, it is
pushed to one side as more heated magma
arrives. This causes the tectonic plates that
form the crust to move. Cool magma is more
compact and dense, and so it sinks, following
the convection cycle. These tiny currents of
force are called convection currents.

3.2B: Milo convection currents
Go to page 182.

CHALLENGE

Ridge push

If convection currents occur within the Earth’s
mantle, then rising hot magma pushes up,
creating a ridge crest. This usually occurs under
the ocean. As the mantle rock moves away from
the magma and ridge crest, gravity pulls the
cooled ridges down and away from the hot magma
still rising from the mantle. This pushes the ridges
apart, forcing the new edges of the tectonic plate
apart. This force is called ridge push.

Slab pull

Sometimes tectonic plates move towards each
other. If one plate is denser (the particles are
more tightly packed together), it will sink beneath
the other plate. This is known as subduction.
Sometimes the top, less dense plate will rise,
forming a mountain range such as the Andes.
Other times, the more dense plate will be pulled
downwards, dragging down the rest of the
tectonic slab. This force is called slab pull.

The movement of the plates explains the
existence of landforms such as continental
shelves and deep trenches in the ocean floor.

It also explains how earthquakes and volcanoes
are distributed, and the very young age of parts
of the sea floor.

Continental crust

Oceanic crust

Spreading ridge

convection current

the current or flow of air or
liquid that results from the
transfer of thermal energy
through convection

ridge push

the force pushing the edges
of tectonic plates away from
each other when a ridge
crest has formed

subduction

the movement of one
tectonic plate under another
tectonic plate

slab pull

the force pulling a tectonic
plate beneath a less dense
tectonic plate

continental shelf

a flat area under shallow
ocean water at the edge of a
continent

Figure 4 Tectonic plate
movement

Oceanic crust sinks
below continental

3.2 Check your learning )

5 Contrast (the differences between) continental drift

Retrieve
1 Define the term ‘slab pull’.

Comprehend

2 Describe how a ridge crest forms.

3 Describe how convection currents move in the mantle.

Analyse

4 Examine a world map. Apart from Africa and South
America, identify the other regions of the world that

look as if they could fit closely together.

OXFORD UNIVERSITY PRESS

and plate tectonics theories.

Apply

6 Considering the evidence that Wegener presented

your level.

in support of continental drift, discuss why many
scientists at the time may have rejected the idea.

Quiz me
Complete the Quiz me to check how well you've mastered
the learning intentions and to be assigned a worksheet at
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Learning intentions

By the end of this
topic, you will be
able to:

e describe the
interactions
between plates
that occur at

transforming,
converging
and diverging
boundaries

relate each of
the types of
boundaries with
characteristic
land formations.

Video 3.3
What happens when

Earth’s plates move?

transforming boundary
the boundary between two
tectonic plates that are
sliding past each other

fault
a fracture in rock where the
tectonic plates have moved

ocean trench

a deep ditch under the
ocean along a tectonic
plate boundary

Boundaries between

tectonic plates can be
converging, diverging
or transforming

Key ideas

e Attransforming boundaries, tectonic plates slide past one another.

e At converging boundaries, plates come together, forming mountains or subducting.

e Atdiverging boundaries, tectonic plates move apart.

Plate tectonics explains a wide range of
features of the Earth. These features, once
studied separately, can now be unified by

a single concept: plate behaviour at plate
boundaries (Figure 1). There are three
general types of plate boundaries, based on the
direction of plate movement.

Transforming boundaries

One plate can slide past another along a single
fault line. This is called a transforming
boundary (Figure 2).

A fault is a fracture in rock where
movement has occurred.

The two plates involved in a transforming
boundary can become jammed over a
period of time until the pressure builds up
and the plates slip. This slipping causes
earthquakes, such as the large earthquake
that destroyed San Francisco in 1906, when
the rock of the transform fault slipped by up
to Sm.

Plate material is not created or destroyed:
the plates just slide against each other.

e T s

------ ——— Sliding plate boundary
----- Uneertain plate boundary e

: ir  Direction of plate movement

& Major earthquake

i Major voleans

Antarctic Plate

&

0 000
= L

b LEGEND ,‘ ..:.I.n.ncric OCEAN
Converging plate boundary e -'ei iy
=™ ——— Dwerging plate boundary : Tl

PACIFIC \ 4 Plagec i g
OCEAN ;
i Pacific Plate e, E

Rlng of fire

Figure 1 The ring of fire is an area around the Pacific Ocean where a large number of volcanoes are

found. This provides hints of a tectonic boundary.
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3.3: Modelling plates

CHALLENGE Go to page 183.

Figure 2 Transforming boundary: one plate slides
against another

Figure 3 Satellite image of the Southern Alps,
New Zealand. The Alpine Fault, a transforming
boundary, runs along the western edge of the
snowline on the South Island.

Converging boundaries

At converging plate boundaries, two plates
move towards each other. There are generally
three types of converging boundaries,
depending on the plates involved. Mountain
ranges, volcanoes and trenches can all be
formed by converging boundaries. Many of the
world’s major landforms are formed by the
collision of plates at converging boundaries.

OXFORD UNIVERSITY PRESS

Ocean-to-continent
collision

When oceanic crust collides

with continental crust, the denser
oceanic landform is subducted or
pushed downwards into the mantle.
The top crust is pushed upwards and
creates a line of mountains along the
crumpled edge (Figure 5). It can also create

volcanoes as heat rises through cracks in the

crust. An ocean trench may form at the line
of plate contact.

Figure 4 The San Andreas
Fault, which runs along
the western coast of
California, USA

Active volcano High mountain range

Ocean trench

A

e o Subduction zone

O

Figure 5 Ocean-to-continent collision causes subduction, and creates
mountains, volcanoes and ocean trenches.

Continent-to-continent collision

When two continental plates collide, they have
similar densities, so no subduction takes place.
Instead, the edges of the two plates crumple

and fold into high mountain ranges (Figure 6).

converging boundary
the boundary between two
tectonic plates that are
moving together

High plateau often
forced upwards

High mountain range

Continental plate

Figure 6 Continent-to-continent collision creates high mountain ranges.
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diverging boundary

the boundary between two
tectonic plates that are
moving apart

rift valley

a deep valley that forms as
a result of tectonic plates
moving apart on land

mid-ocean ridge

a series of underwater
mountains that form as

a result of tectonic plates
moving apart and allowing
magma to rise to the
surface

Ocean-to-ocean collision

When two oceanic plates collide, the older,
denser crust subducts below the newer crust,
creating a deep ocean trench.

Deep ocean trench

The subduction also creates a line of
undersea volcanoes that may reach above the
ocean surface as an island arc (Figure 7).

Arc of volcanic islands

Line of undersea
volcanoes

Figure 7 Ocean-to-ocean
collision causes subduction
and creates a trench and a line of
undersea volcanoes.

Diverging boundaries

Diverging boundaries are plate boundaries
that are moving apart. They form different
features than those of converging and
transforming boundaries. These spreading
boundaries can occur in the middle of the
ocean or in the middle of land. The breaking
up of the supercontinent Pangaea was probably
due to diverging plate boundaries.

Qce?

AT
PR ?\

Subduction zone

Hot rising mantle rock from deep within
the Earth might be the first step in a continent
breaking apart. As the mantle rock rises, the
continental crust is lifted and thins out. Cracks
form and large slabs of rock sink into the
Earth, forming a rift valley like those found in
East Africa.

Figure 8 The East African rift valleys may represent the initial stages of the breaking up of a continent.
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Making oceans

As the divergence process continues, the 1
continental crust separates and a narrow sea

or lake may form. The Red Sea between the
Arabian and African Plates is thought to be a
diverging boundary at this stage of development
(Figure 9). Eventually, oceans are formed and a
mid-ocean ridge is created (Figure 10).

UpVVarIv'ng
Continental crust

Mid-ocean ridges are very wide, up to
4000km. Sea-floor spreading occurs at a rate
of only 5cm per year, but none of the ocean
floor is dated as older than 180 million years.

Continental

— Mid-ocean ridge —
crust

4 /
S

Rift

" 3
African Plate ol b

Figure 9 The Red Sea has formed as the African
and Arabian Plates have diverged. Figure 10 How diverging boundaries form oceans

3.3 Check your learning

Retrieve 7 Transforming boundaries are sometimes called
strike—slip fault zones. Explain why both names

1 Identify the factor that determines which plate )
are appropriate.

subducts at a converging boundary.

Analyse

8 Use the location of the tectonic plates in Figure 1 to
describe the location of volcanoes. Compare (the
similarities and differences between) these and the
location of earthquakes.

Comprehend

2 Describe the type of plate movement that happens
at a transforming boundary.

3 Describe what causes the continental crust to spread
and break at a diverging boundary.

4 Use Figure 1 to describe where the major mid-ocean
ridges are located.

5 Use Figure 1 to describe where the diverging plate Quiz me
boundaries are located. Complete the Quiz me to check how well you've mastered
6 Explain how diverging boundaries can produce the learning intentions and to be assigned a worksheet at
your level.

earthquakes and volcanic activity.
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Learning intentions

By the end of this
topic, you will be
able to:

e describe how the
Hawaiian Islands
may have formed
from a hot spot
provide examples
of natural events
that occur
because of plate
interactions
relate
constructive
and destructive
boundaries
with diverging
and converging
boundaries.

Figure 1 The San
Francisco earthquake in
1906 destroyed much of
the city.

tsunami

a series of large waves that
result from an underwater
earthquake

Figure 2 Volcanic
eruptions can cause
tsunamis.

Tectonic plates can be
constructive or destructive

Key ideas

e Movement of tectonic plates can cause destructive earthquakes or tsunamis.

e Molten mantle can escape from volcanoes and become lava.

e Lava can form new islands.

The boundaries between the tectonic plates
create a lot of pressure as they try to move
against each other. This pressure can be
released suddenly in the form of an earthquake,
which in turn can form a tsunami.

Earthquakes can cause
tsunamis

Undersea earthquakes can move the sea floor
and push up the water to form a wave known
as a tsunami (Figure 3). An earthquake in
northern Japan in 2011 was magnitude 9.0 on
the Richter scale. The earthquake was centred
140km off the coast and sent a 10m high wall
of water towards coastal towns and cities.
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The tsunami wave also travelled away
from Japan, right across the Pacific Ocean,
and was experienced as far away as North and
South America, the Pacific Islands and even in
northern Australia as a small wave.

Japan is the most seismically active
country in the world because it lies near the
boundaries of three tectonic plates: the Pacific,
Eurasian and Philippine Plates. The force of a
tsunami can be enormous, enough to demolish
buildings, and lift cars and even small ships.

Volcanoes and tsunamis

Volcanoes pose great danger to those who live

near them. The volcanic eruption of Krakatoa,
Indonesia, in 1883 caused a tsunami that raced
across the ocean and crashed onto nearby islands.

OXFORD UNIVERSITY PRESS



3.4A: Volcanic bubbles

CHALLENGE Go to page 184.

Subduction

3.4B: Modelling a tectonic
boundary

CHALLENGE Go to page 185.

Tsunami wave ==
4= spreads ;

Upper oceanic plate

Jammed region slips,
causing an earthquake

Figure 3 a How an earthquake causes a tsunami b The aftermath of the earthquake and tsunami in
northern Japanin 2011

The tsunami killed 36 000 people. Krakatoa’s
blast was heard 5000km away and ash rose
80km into the atmosphere.

Volcanic eruptions spew lava and ash onto
the surrounding land. When this material is
broken down by the action of wind and water,
and mixed with organic material from plants
and animals, it forms some of the richest soil
in the world. So, in spite of the dangers, people
continue to live near volcanoes because of the
fertile soil they provide.

OXFORD UNIVERSITY PRESS

Hawaiian Islands

The Hawaiian Islands are in the centre of the
Pacific Plate (Figure 1, page 52). Hawaii is
not near a mid-ocean ridge, yet it has frequent
volcanic activity. Most geologists believe this
volcanic activity is caused by the movement
of the Pacific Plate over a ‘hot spot’ beneath
the plate. This is where a plume of hot
magma from the mantle comes up through a
thin area in the crust and creates a volcano.

CHAPTER 3 PLATE TECTONICS
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Pacific Plate

Direction of plate
movement
9-10 cm per year

Hot spot

In the case of the Hawaiian Islands, the
hot spot formed an undersea volcano (Figure
4). Over time, the volcano grows until it pokes
above the ocean surface and creates an island.
As the plate moves over the hot spot, other
islands are formed over millions of years and an
island ‘chain’ is created.

The centre of a plate usually lacks
earthquakes, volcanoes or folded mountain
ranges because it is a long way from a plate
boundary, although these landforms are still
possible in areas of weakness or thinning. The
theory of plate tectonics and what happens
at the plate boundaries corresponds with the
distribution of earthquakes and volcanoes
around the world. Consider Australia’s location
and the limited number of earthquakes and
extinct volcanoes on our continent.

Figure 4 How the Hawaiian Islands were formed.
(Only the largest islands are shown.] Hot spots
result from magma pushing through thin areas of
the Earth’s crust.

Figure 5 Evidence of volcanic activity on the Hawaiian islands: a rocks that appear to flow into the sea formed from old lava flows,
b mountains rising out of the sea, ¢ and d volcanic rock formations, e steam rising from craters and f lava flowing from active vents
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Earthquakes in Australia

Unlike New Zealand, Australia is located in
the centre of the Indo-Australian Plate. It is
thought that the plate formed when two smaller
plates fused, 43 million years ago. Although
we think of tectonic plates as being fixed,
two large earthquakes (measuring 8.6 and
8.2 on the Richter scale) beneath the Indian
Ocean in 2012 suggest that these two plates
may be breaking apart again. The age of the
tectonic plate on which Australia is located, and
Australia’s central position on the plate, have
both resulted in minimal earthquake activities.
However, there are still more than 300
magnitude 3.0 or greater earthquakes in

Australia every year. Our plate, the Indo-
Australian Plate, is moving north towards the
Eurasian, Philippine and Pacific Plates. This
creates stress within our plate, and release of
this stress creates earthquakes.

One of Australia’s worst earthquakes
was of magnitude 5.6 and struck near the
city of Newecastle in New South Wales on 28
December 1989. It killed 13 people and injured
160. Larger earthquakes have occurred in
Australia, but the damage depends on how
close they are to the surface and to large cities.
A huge earthquake in the outback is unlikely to
cause large loss of human life. Figure 6 shows
Australia’s earthquake and tsunami risk.

LEGEND

Major earthquake Earthquake Tsunami

since 2000 (magnitude) risk risk
@ 50t059 High High
@ 40to49 Moderate Moderate
o 3.0to 3.9 Low Low

3.4 Check your learning (2

Retrieve

1 Recall two ways that the movement
of tectonic plates can be destructive.

Comprehend

2 Describe a tsunami.

3 Describe where most earthquakes

occur. Explain why earthquakes
occur in these regions.

OXFORD UNIVERSITY PRESS

4 Explain how the movement
of tectonic plates can be
constructive.

Figure 6 Australia:
earthquake and
tsunami risk

Discuss why the Hawaiian Islands
have volcanoes and Australia
does not.

5 Explain why there are few large

earthquakes in Australia.

Apply

6 Like Australia, the Hawaiian
Islands are in the centre of a
tectonic plate.

Quiz me

Complete the Quiz me to check
how well you've mastered the
learning intentions and to be
assigned a worksheet at your level.
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//SCIENCE AS
A HUMAN ENDEAVOUR//

Engineering solutions In
earthquake zones

.0

Learning intentions

By the end of this
topic, you will be
able to:

identify body
waves and
surface waves
as the two main
types of earth
movements that

occur during an
earthquake and
provide examples
of each

provide examples
of structures and
materials that
can be used to
limit the impact
of earthquakes.

The movement of tectonic plates can
have devastating effects for those
living on the surface of the Earth.
There are two main types of earth
movement that can result from
releasing the pressure built up from
the tectonic plates moving against
each other. Body waves are earth
movements that can travel through
the body of the Earth and are not
trapped near the surface. Surface
waves can only travel along the
surface of the Earth.

Primary body
waves

The primary body waves are pressure waves
(P-waves) that can travel through solid rock,
liquid ocean and the gases of the atmosphere.

Each wave causes the particles to compress
and move close together, before expanding
out again (Figure 1). These sound waves are
the fastest moving of the earthquake waves
(1600-8000 m/s) and move in the direction of
the earth movement. Because they are so fast
moving, they are often the first waves noticed
in an earthquake.

Secondary body
waves

Secondary body waves are also called shear
or shaking waves (S-waves). S-waves can only
move through solid earth. Some S-waves will
move the earth from side to side, while others
will move the earth up and down (Figure 2).
These waves move much slower than P-waves
(900-4500 m/s) but are more destructive as
they can shake the whole landscape and can
cause buildings to collapse.

The speed of P- and S-waves will vary
according to the density and elastic properties
of the Earth.

P wave
Compressio .
l l Undisturbed rock
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Figure 1 P-waves cause the solids,
liquids and gases in the Earth to

compress and expand.

Figure 2 S-waves move from side to
side or up and down. They are more
destructive than P-waves.

S wave

Direction of wave propagation

—




Rayleigh surface Love surface

waves waves

Like all surface waves, Rayleigh waves can only ~ Love waves only move the Earth from side
move along the surface of the Earth. These to side (Figure 4). They travel faster than
waves cause the ground to move like waves or Rayleigh waves but slower than body waves.
ripples on the ocean (Figure 3). They can move  Their movement can cause a lot of damage to
both up and down or side to side. People who the foundations of buildings.

have observed Rayleigh waves have described
them causing parked cars to ‘bob up and down
like corks floating on the ocean’. These waves
are slower than S-waves.

Rayleigh wave

Figure 3 Rayleigh surface waves cause objects to bob up and down like corks.

Love wave

Figure 4 Love surface waves cause the Earth to move from side to side, causing
damage to building foundations.

Figure 5 Liquefaction
is when the soil acts
like a liquid during an
earthquake.

Liguefaction

During earthquakes, the particles in the soil
compress under the force of gravity, squeezing
the space between particles. This causes the
liquid caught in these spaces to be compressed,
building up the pressure. When the pressure
increases above a certain point, the soil
particles start floating, and the ground starts
acting like a liquid. This is called liquefaction.
This is why some objects will sink during an
earthquake (Figure 5), while other less dense
particles will rise to the surface. You may have
seen this when standing on a wet beach: if you
wiggle your toes, your feet will sink.




Designing for
earthquakes

There are several factors that need to be
considered when designing structures for
earthquake zones. Liquefaction and Love
surface waves can damage the foundations of
a building or bridge. This can be minimised

by building flexible pads into the foundations.

This allows the foundations to move during
an earthquake, absorbing the energy of the
earthquake while the building above stays
relatively still.

Engineers use a variety of ways to
stabilise tall buildings during an earthquake.

Some suspend large heavy balls in the centre
of the building. When a building begins to
sway, the ball moves in the opposite direction
(like a pendulum) to stabilise the building.
Some engineers place dampers between
the columns and beams at each floor of the
building (Figure 6). Each damper can act like
a shock absorber in a car, reducing the amount
the building moves.

Many buildings in earthquake zones
are also reinforced by adding cross braces
(diagonal steel beams that help the building to
keeps its shape) and diaphragms (flat structures
that transmit the horizontal movement away
from the building frames).

Figure 6 Earthquake dampers reduce the movement of a building like a shock absorber reduces road
bumpsinacar.



3.5: Design an
earthquake-proof house
Go to page 186.

Earthquake-
resistant
materials

The materials used in the building can also
help the building control the movement
energy in an earthquake. The materials used
must be flexible enough to bend without
breaking. Concrete and brick are too brittle
and will usually crack and fall. While steel
and wood have been used in many buildings
for the past 50 years, there are many old and
new materials that may be more appropriate.
Bamboo has much greater flexibility and

is able to return to its original shape much
better than steel and wood. It is very light as a
building material, reducing the weight on the
shaking foundations of the building. This also
means that there is less risk to inhabitants if
the building were to fall.

The multiple ties that are used in the
construction of bamboo buildings can also help
to maintain the flexibility of the structure.

Understanding of the properties of the
traditional bamboo buildings constructed in
earthquake zones has encouraged engineers to
produce and use new materials with the same
strength and flexibility. Strategies include:

> coating brickwork in acrylic-silicone paint
resin and glass fibres to support flexibility

> combining cement with polymer-based
fibres, fly ash or other additives to make it
more flexible

> laminating wood by gluing layers of wood
together so that the grain is parallel to
each other.

These strategies work together to limit the
damage caused by earthquakes and minimise
the number of people killed each year.

3.5 Test your skills and capabilities (2]

All scientists make predictions and
hypotheses that can be evaluated to
determine their truth or viability. This
requires criteria to be developed and applied,
to test the limitations of the model and
determine whether modifications are needed.

Answer the following questions to
critically evaluate the claim that all
buildings in an earthquake zone should be
made of bamboo.

1 Identify the types of earth movements
that a building in an earthquake zone
could experience.

2 Identify the ways a building in an
earthquake zone could move.

3 Describe how this movement would
affect the materials in the building.

4 Compare (the similarities and
differences between) the flexibility and
strength of different building materials
including concrete, bricks, wood, steel
and bamboo.

5 Contrast your descriptions of earth
movement in question 2 with the
material comparison in question 4.

6 Identify three questions you could ask
an engineer about a building design in an
earthquake zone.

7 Investigate one form of evidence or data
that would cause you to disagree with the
claim that all buildings in an earthquake
zone should be made of bamboo.

8 Determine if you agree or disagree
with the claim that all buildings in
an earthquake zone should be made
of bamboo.




PLATE TECTONICS

Retrieve

1 Identify which two of the following have led to our
understanding of plate tectonics.

A continental drift
B subduction
C sea-floor spreading

D magnetometers

Identify the type of plate collision where subduction is
most likely to occur.

A continent to mantle

B continent to continent

C ocean to ocean

D ocean to continent

Identify the type of natural disaster that can be caused
by an undersea earthquake.

A hurricane
B volcanic eruption
C tsunami
D bushfire

Recall the evidence that Alfred Wegener used to support
his theory of continental drift.

Define the following terms.

a subduction b slab pull
¢ diverging boundary d converging boundary
e ridge push f convection

g

sea-floor spreading

Comprehend

6 Describe Pangaea and what happened to it.

7 Describe the three forces that move the tectonic plates
over the surface of the Earth.

Describe the cause of major volcanic eruptions
and earthquakes.

Most earthquakes occur at plate boundaries. Explain
how an earthquake can occur in the middle of a plate.

Explain why continental crusts cannot be subducted.

Explain how sea-floor spreading accounts for the young
age of the sea floor.

Explain why modern GPS systems are useful for
predicting future plate movements.

CHAPTER 3 REVIEW

Analyse

13 The Himalayas formed when India collided with the
Eurasian Plate. Mount Everest, the highest mountain on
the Earth, is 8848.86 m high and continues to be uplifted at
a rate of about 1 cm per year. Assuming there is no erosion,
calculate the height of Mount Everest in 1 million years if
it maintains its current rate of increase.

Figure 1 The Himalayan mountain peaks

14 Examine Figure 2, which shows a topographic image of the
Mid-Atlantic Ridge. Consider how this provides evidence
of sea-floor spreading.

Figure 2 The Mid-Atlantic Ridge



If part of the Pacific Plate is moving at a rate of 10 cm per 19 Once there was one supercontinent called Pangaea.

year, calculate how far it would move in: Initially it split into two. One part, Laurasia, moved
a 100 years north while the other, Gondwanaland, moved south.
b 10000 years Laurasia gave rise to Europe, Asia and North America.

Gondwanaland gave rise to Africa, South America,

Australia, India and Antarctica. Discuss the climate

16 Contrast the different layers of the Earth. changes each continent faced as it drifted to its current
position, and explain why, today, many plants and
animals share physical similarities with those that originally

Crust inhabited the Gondwanaland subcontinents.

Mantle

¢ 1 million years.

Social and ethical thinking

Outer core 20 In 2009 there was a series of small earth tremors in the
Italian city of I’ Aquila. Six scientists (three seismologists,
a vulcanologist and two seismic engineers) provided
advice to the city that an ongoing series of small- and
medium-sized tremors did not necessarily mean a

large earthquake was going to occur. As a result, the
citizens did not take precautions, and many were
indoors on the night the 5.9 magnitude earthquake hit.
The scientists were charged with manslaughter for the
deaths of 308 people, because they had failed to predict
the earthquake. Their initial conviction was eventually
overturned. Evaluate the fairness of this trial by:

Inner core

Figure 3 Layers of the Earth > describing how the local townspeople would
have reacted if the scientists had warned of the

17 Connect the following terms with their definitions. impending earthquake

> describing how the local townspeople would have

Term Definition . L .
reacted if the scientists had not offered any advice

Mantle Central part of the Earth > describing the accuracy of earthquake predictions
Crust Layer of hot, semi-molten rock below
the crust

> deciding whether the scientists should have offered
any advice to the townspeople.

Oceanic crust Theory that states that the continents
move through oceanic crust

Continental Theory that describes why large plates of
crust the Earth’s crust gradually move

Plate tectonics  Less dense crust containing continents

Tectonic plate Hot liquid rock that comes up from
the mantle

Continental drift  Thin, semi-rigid outer layer of the Earth

Convection Large area that may include continent and e

current sea floor L ST =
Magma Dense crust under the sea floor Figure 4 The earthquake that struck LAquila in 2009
Core Movement of liquids or gases caused by was one of the deadliest in Italy.

the rising of hot material
Critical and creative thinking

Ap p l-y 21 Create a poster or multimedia presentation about a
famous earthquake or volcanic eruption. Describe

the facts of the earthquake or volcanic eruption and

what plate movement caused it, along with the social,
environmental and economic impacts and the subsequent
recovery process.

18 If Australia moves north to collide with Indonesia and
Malaysia, determine the geographical features that will
form and how our climate will change.
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22 The Mariana Trench is located where the Pacific Plate is
subducting under the Mariana Plate. Its average depth is
11km below the surface of the water. Surprisingly, ocean
explorers have found life at the bottom of the Mariana
Trench. Investigate the organisms that live so deep and
how they survive.

Imagine you could travel into the future, to a time when
your local environment is drastically different from how
it is today. Base your imagined scenario on the plate
movements of the Australian continent. Create a travel
brochure for a future tourist destination or journey on
this new Earth.

Imagine you are an engineer designing a building for
an area that often experiences earthquakes. Discuss
the type of earth movements that could be caused by
the earthquakes and determine what materials you
will use to help limit the impact of the earthquakes on
your building.

Research

25 Choose one of the following topics to research. Some
questions have been included to get you started. Present
your findings in a format of your own choosing (such
as filming a documentary), giving careful thought

to the information you are communicating and your
likely audience.

» Subduction zones

The subduction of one plate under another is well
understood by scientists today, but how this process
begins is not.

» Explain what geologists mean by subduction.
» Identify which plates are involved in subduction.

» Describe what happens to the plates during
subduction.

Describe the geological features that are associated
with subduction zones.

Figure 5 Subduction zone

»» The Earth’s crust

The lithosphere and the asthenosphere are different

internal layers of the Earth.

» Define the term ‘lithosphere’.

» Describe the asthenosphere.

» Describe how the two ‘spheres’ interact.

» Identify and describe other ‘spheres’ of the Earth.

» Explain how they interact with the lithosphere and
the asthenosphere.

» Tsunami warnings

Seismic data is collected and shared by a variety of

governments across the Asia—Pacific region.

» Describe how sensors are used to collect
earthquake information.

» Describe how information about potential tsunamis
is shared between the different governments.

» Describe how the information is shared with the
population and the actions that may be taken as
a result.

Figure 6 Tsunami warning signs run along the Pacific
coastline in California.

»» Magnetic striping

Magnetic striping was considered by some to be the
final proof of plate tectonics.

» Explain magnetic striping.

» Identify where it exists.

» Describe how it is linked to sea-floor spreading.

» Explain what it tells us about the age of rocks and
Earth’s history.



Chapter checklist

Define crust, mantle, core, tectonic plate and magma.
Describe the layered structure of Earth.

Define continental drift, sea-floor spreading, convection current, ridge push,

slab pull, continental shelf and plate tectonics.
Describe evidence that supports the theory of plate tectonics.

Describe the interactions between plates that occur at transforming,
converging and diverging boundaries.
Relate each of the types of boundaries with characteristic land formations.

Describe how the Hawaiian Islands may have formed from a hot spot.

Provide examples of natural events that occur because of plate interactions.

Relate constructive and destructive boundaries with diverging and
converging boundaries.

Identify body waves and surface waves as the two main types of earth
movements that occur during an earthquake and provide examples of each.
Provide examples of structures and materials that can be used to limit the
impact of earthquakes.

Check your Student obook pro for these

@ Chapter quiz
Test your understanding

of this chapter with the
chapter review quiz.

digital resources and m

Quizlet

Play a Quizlet game to test
your knowledge.

Now that you have completed this chapter, reflect on your ability to do the following.

| can do this.

O

L

[

Ll

| cannot do this yet.

Go back to Topic 3.1
‘The Earth is made
of layers’.

Page 48

Go back to Topic 3.2
‘Forces cause tectonic
plates to move'.

Page 50

Go back to Topic 3.3
‘Boundaries between
tectonic plates can be
converging, diverging
or transforming’.
Page 52

Go back to Topic 3.4
‘Tectonic plates
can be constructive
or destructive’.

Page 56

Go back to Topic 3.5
‘Science as a human
endeavour: Engineering
solutions in earthquake
zones'.

Page 60

CHAPTER 3 PLATE TECTONICS
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4.4

4.5

4.6

4.7

Energy can be transformed

> Define and provide examples of energy transformation.

> Draw energy transformation diagrams.

Electricity is the movement of electric charges
> Describe how electrical energy affects an electric charge.

> |dentify the key components of an electric circuit. N

> Explain why circuit diagrams are used to represent circuits and draw appropriate

circuit diagrams.

Science as a human endeavour:

Engineers use their understanding

of energy to solve problems

> Define cost-benefit analysis and
criteria.

> Describe the roles of chemical,
mechanical, electrical and civil
engineers.

> Explain the key steps involved in
evaluating an engineering proposal.

Science as a human endeavour:

Solar cells transform the Sun’s light

energy into electrical energy

> Describe the energy transfers
involved in a solar panel.

> Provide examples of solar power
use in Australia.

What if?

Rolling cars
What you need:

Ramp, permanent marker, large toy car, tape measure,
weights, Blu Tack

What to do:

1 Setthe ramp up on the floor so it is at an angle.
Draw a starting line at the top of the ramp.
Place the large toy car on the starting line.
Release the car.

Measure how far the car rolls from the bottom of
the ramp.

What if?

» What if weight was added to the car? Would it roll
further?

What if the ramp was placed at a different angle?

What if the ramp was longer?




4.1

Learning intentions

By the end of this
topic, you will be
able to:

e provide examples
of types of energy
explain how
energy cannot
be created or
destroyed, but
can be passed
between objects
draw and
interpret
energy transfer
diagrams.

transferred

describes energy that has
moved from one object
to another

Figure 3 We use energy to
walk and carry things.

Energy can be transtferred

Key ideas

e Energy is the ability to do work. It is how things change and move.

e Energy cannot be created or destroyed.

e When energy is passed from one object to another, it is said to be transferred.

For hundreds of years, scientists (and some
mystics) have been developing theories about
energy. While scientists like Nikola Tesla were
able to control different forms of energy in the
development of radios, electrical devices and
X-ray photographs, mystics such as Tesla’s
friend Swami Vivekananda collaborated to
examine the links between the mass of an
object and its energy.

All objects have energy (including
moving objects, stretched objects and
objects high off the ground). It is energy that
gives objects the ability to change or move.

Sun - Plant
(light energy) (chemical energy)

Figure 1 Plants use energy to grow.

Sun == Plant —
(light energy) (chemical energy)

Figure 2 We use the energy from plants to move.

Sun —_— Plant —
(light energy) (chemical energy)

Figure 4 Heat energy warms up air.
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(chemical energy)

Energy cannot be created or destroyed.
Instead, it is passed (transferred) from one
object to another. Most of the energy that exists
around us comes from the Sun.

The flow of energy

We have all felt the energy of the Sun on

a hot day. It can warm our skin and even

cause sunburn. Plants are very efficient

at absorbing the energ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>