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TOPIC 10
The changing Earth

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

10.1.1 Why learn this?
The Earth’s surface is constantly changing. While volcanoes and earthquakes can alter a landscape in a 
matter of days, most of the changes to the Earth’s surface happen very slowly. Rocks on and below the 
surface of the Earth are constantly being changed by natural processes that act over millions of years. As a 
result, rocks also provide a valuable record of past events.
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This aquatic reptile died over 300 million years ago. Fossils and the rocks in which they are found provide a 
valuable record of the past.
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 Thinking about the changing Earth 
 The Earth is constantly changing. Some of the changes take millions of years — others take place within 
seconds.  
1.   Take a look at each of these images and write down what each tells you about the Earth and the way that the 

Earth is changing.                             

2.   Which one or more of the changes depicted in the photos above are caused or made worse by human activities?  
3.   How are rocks formed?  
4.   The terms ‘igneous’, ‘sedimentary’ and ‘metamorphic’ describe different types of rocks. Just from looking at 

the words, suggest how each type of rock is formed.  
5.   How many names of rocks do you know? List them and then, if you can, classify them as igneous, 

sedimentary or metamorphic.   

(a) (b)

(c)

(d)

(e)
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 Useful rocks 
 Humans have long used rocks and the minerals that we can extract from them for a variety of purposes. 
Consider the rocks in the following photos.                             

6.   Match each of the rocks above with its name from this list. 
 fl int, chalk, marble, pumice, slate  

7.   Which of the rocks above would you use for:  
(a)   benchtops  
(b)   fl oor tiles  
(c)   spearheads and arrowheads  
(d)   removing calloused skin  
(e)   preventing a gymnast’s hands slipping from the bar?     

(b)(a)

(c) (d)

(e)
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  10.2  Solid rock 
 The Earth’s crust and the topmost sections of the 
mantle form the Earth’s lithosphere (from  the 
Greek words  lithos  meaning ‘stone’ and  sphaira  
meaning ‘globe’). It is in the lithosphere that 
rocks are formed by a variety of different pro-
cesses such as melting, erosion, weathering, 
crystallisation and deposition. 

 Rocks can be divided into three main 
groups: igneous, sedimentary and metamor-
phic. In the next few sections, we will look in 
more detail at how each of these rock groups 
is formed.  

 10.2.1 What are rocks made of? 
 Rocks are made up of substances that are called  minerals . The term ‘mineral’ describes any solid material 
made up of a consistent combination of chemical substances that occur naturally. These chemical sub-
stances can take the form of chemical compounds (which are made up of combined elements) or elements 
found in their pure form. It is very unusual to fi nd pure elements in nature but gold and diamond (which 
is made up of carbon that has been subjected to high pressure and heat) are two examples. These types of 
minerals are referred to as  native elements . 

Crust
0–100 km
thick

Mantle

Lithosphere
(crust and
uppermost
solid mantle)

Mantle
Asthenosphere

2900 km

5100 km

6378 km

(To scale)

(Not to scale)

Core
Outer core

Inner core

Crust

  All rocks are formed in the lithosphere — the section of 
the Earth made up of the crust and the upper mantle. 

  Iron oxide (left) and magnetite (right) are both minerals made of iron and oxygen but in different proportions. 
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 Most of the minerals that make up the Earth’s 
crust are compounds of oxygen and silicon; these are 
called silicates. They differ in appearance and in their 
chemical and physical properties due to variations in 
what metals they are combined with and the propor-
tion of each element present in the mineral. Two min-
erals may be made up of the same elements but differ 
in the proportions. For example, iron oxide (Fe 2 O 3 ) is 
a reddish brown substance that gives rust its colour, 
whereas Fe 3 O 4  forms magnetite, a dull grey stone.     

 It can also happen that one mineral can come in a 
number of different colours. Quartz is made of silicon 
dioxide (SiO 2 ) and, in its purest form (rock crystal), 
is a clear white stone. However, small impurities in 
the compound as well as differences in the size of the 
quartz crystals can cause quartz of every colour of the 
rainbow to exist. Most of the so-called semiprecious 
stones, including amethyst, citrine and onyx, are vari-
eties of quartz.  

 Generally, colour alone is not a good indicator of 
which mineral is present in a sample of rock. After 
all, a citrine, a topaz and a champagne diamond are 
all clear yellow stones but they differ completely in 
chemical composition. 

 10.2.2 What mineral is that? 
 Geologists consider a number of different properties in 
order to identify a specifi c mineral in a rock sample:  

 •   A mineral’s  lustre  describes how it refl ects light 
from its cut surface. The lustre of a mineral may be 
described as dull, metallic, pearlescent, glassy, bril-
liant, waxy or silky.  

 •   The  transparency  of the mineral describes how well 
light travels through it. Opaque minerals (such as iron 
oxide) do not let light through at all; transparent min-
erals (such as diamond and pure quartz) allow light to 
pass easily through them; while other minerals (such 
as calcite) are translucent, allowing only some light 
through a sample.  

 •   A mineral’s  streak  is the colour and texture of 
the mark that the mineral leaves behind when it is 
scratched across a hard white surface. Not all minerals 
leave a streak.     

 •   The  fracture  of a mineral describes the appearance 
of the break when a sample of the mineral is snapped. 
The fracture of a stone can be described using terms 
such as brittle, conchoidal, plastic or crystalline.  

 •   the mineral’s  hardness  is a measure of how easily the 
surface of the mineral is scratched or dented.   

  Many minerals leave a streak when rubbed 
against the rough surface of an unglazed 
white tile. Hematite has a red-brown streak. 
The streak left by a mineral and the actual 
colour of a mineral are not always the 
same. Not all minerals leave a streak. 

  Yep – it’s all quartz! 
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 Mohs’ scale 
 Geologists use a system called the  Mohs’ hardness scale  to determine hardness. This scale was developed by 
the geologist Friedrich Mohs; it consists of a comparative list of ten minerals arranged in order from softest 
(hardness value of 1) up to the hardest (10). A harder mineral scratches a softer mineral. Typical minerals for 
each of the ten hardness values 
are shown below. The hardness of 
a particular mineral can be found 
by comparing it with minerals on 
the Mohs’ scale. For example, 
if the mineral sample can be 
scratched by a piece of quartz but 
not by orthoclase, its hardness 
lies between 6 and 7. 

 Ideally, you would keep a 
sample of each of the ten ref-
erence minerals handy, but it is 
possible to use common mate-
rials to fi nd a mineral’s hardness. 
Some of these items and their 
typical hardness values are also 
shown in the diagram at the right.     

Mohs’ scale of hardness Common materials

Talc

Gypsum

Calcite

Fluorite

Apatite

Orthoclase

Quartz

Topaz

Corundum

Diamond

1

2

3

4

5

6

7

8

9

10

Softest

Hardest

Soft grey lead pencil point

Fingernail

Copper coin

Iron nail

Sandpaper

  A scale for testing the hardness of minerals 

 INVESTIGATION 10.1 

 Which mineral is it? 
  AIM:  To examine properties of minerals 

   You will need:   
  mineral kit  
  common materials to substitute for unavailable Mohs’ scale minerals  
  magnifying glass  
  white ceramic tile   
•   Construct a table like the one shown below and use it to record your observations as you work through the 

following steps for each mineral.  
•   Describe the colour and lustre of the mineral.  
•   Use the magnifying glass to look closely at the mineral and describe the shape and size of its crystals.  
•   Scrape the mineral across the unglazed side of a white ceramic tile. Record the colour of the streak.  
•   Use the Mohs’ scale minerals or the common materials to estimate the hardness of the mineral by trying to 

scratch it. An approximate range, such as 5—6, is suffi ciently accurate.    

 Discussion  
1.   Other than those already described, what additional properties of minerals could be used to identify them?  
2.   If two unlabelled mineral samples have the same colour and lustre, can you be sure that they are the same 

mineral? Explain how you would fi nd out.   

  Mineral    Colour    Lustre  
  Crystal shape 
and size    Streak    Hardness  
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10.3 Fiery rocks
Think about the word ‘igneous’ for a moment. Does this word remind you of any other words? How about 
‘ignite’ or ‘ignition’? In fact, all of these words have a common origin and they come from the Latin word 
ignis meaning ‘fire’. So, we can think of igneous rocks as coming from a hot, fiery place.

Igneous rocks are formed from molten rock from the upper sections of the mantle. The temperature in 
this part of the mantle can reach as high as 1400 °C. The molten rock from the mantle is called magma. 
The magma is pushed upwards into the crust by pressure in the mantle. In some places, the crust is very 
weak or has been ruptured so the magma can break through and flow onto the Earth’s surface. Magma 
that flows onto the Earth’s surface is called lava. Volcanoes are formed where the crust is weak, allowing 
magma to break through.

Igneous rocks can be formed from either magma or lava. Those that have formed from magma that 
cooled below the surface are called intrusive rocks or plutonic rocks. They cool slowly and become 
visible only when the rocks and soil above them wear away. Large bodies of intrusive rock are called 
 batholiths. These can stretch over distances of up to 1000 kilometres.

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

Remember
1. Describe what the lithosphere is and where it can be found.
2. Define the term ‘mineral’. Recall at least two examples of minerals.
3. Recall two examples of native elements.
4. Identify which minerals are present in granite.
5. Recall at least three properties that you could observe to help you identify an unknown mineral.
6. Identify the approximate Mohs’ scale hardness (to the nearest whole number) of a mineral that can be 

scratched by sandpaper but not by an iron nail.
7. Explain how minerals that contain the same elements can have different physical and chemical 

properties.

Think
8. Distinguish between a rock and a mineral.
9. Explain what the size of the crystals in a rock tells you about the way the rock was formed.

10. You have a sample of each of two minerals but no other equipment to test them for hardness. How could 
you tell which mineral was harder? Explain your answer.

11. A mineral can be scratched by a copper coin but not by a fingernail. You know that the mineral is quartz, 
fluorite or calcite. Which mineral is it? Justify your answer.

12. Is table salt a mineral? Think carefully about your answer and suggest reasons for and against classifying it 
as a mineral.

Investigate
13. Find out what the different fracture types, such as conchoidal, plastic, brittle and crystalline, mean. Find 

examples of stones that show these fractures.

Complete this digital doc: Worksheet 10.1: Identifying and classifying minerals (doc-0000)

 RESOURCES — ONLINE ONLY
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Igneous rocks that are 
formed from lava cooling 
above the surface are 
called extrusive rocks. 
They generally cool very 
quickly. Igneous rocks 
that form from lava 
spilling from underwater 
volcanoes are also classi-
fied as extrusive rocks.

The appearance of an 
igneous rock depends on 
what substances were in 
the molten material from 
which it was made and 
how quickly the molten 
rock cooled.

10.3.1 Crystal 
clear
Crystals are formed when 
the atoms of a liquid 
arrange themselves into 
regular three- dimensional geometric patterns 
when the liquid becomes a solid. The longer the 
liquid takes to solidify, the more time the atoms 
have to arrange themselves and form larger 
crystals.

The shape of the crystals depends upon how 
the atoms pack themselves, which, in turn, 
depends upon what types of atoms are present. 
Geologists can usually identify a mineral based 
on its crystal shape.

When lava or magma cools, the liquid rock 
crystallises to form igneous rock. The size of 
the crystals in an igneous rock depends on how 
quickly it cooled. Intrusive rocks have larger 
crystals than extrusive rocks because the crys-
tals have had more time to grow. When lava 
emerges from a volcano, contact with the cool 
air or cold water makes it cool very quickly, not 
giving large crystals time to grow.

Pressure also affects the growth of crystals; 
the higher the pressure exerted on the rock as 
it cools, the larger the crystals that are formed. 
This is another reason why intrusive rocks usu-
ally have larger crystals; the pressure acting on 
them as they form is much larger than is exerted 
on rocks that form on the surface of the Earth.

Extrusive rock forms
from lava that cooled
quickly above the surface.

Earth’s surface

Intrusive rock forms
from magma that cooled
slowly below the surface.

Igneous rocks can form below or above the Earth’s surface.

Cracks form in the 
batholith while it cools.

The batholith forms under 
the Earth’s surface when 
magma cools.

1.

3.

2.

4.

If a batholith is exposed to the environment, it will start 
to wear away along the cracks. Over time, the batholith 
may break down completely. The breakdown of rocks is 
called weathering.

The softer rocks and soil around the batholith may wear away.
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INVESTIGATION 10.2

Does fast cooling make a difference?
AIM: To produce large and small crystals

You will need:
freshly made saturated solution of potassium nitrate
potassium nitrate
spatula
250 mL beaker
3 test tubes and test-tube rack
test-tube holder
Bunsen burner, heatproof mat and matches
crushed ice
safety glasses
hand lens
CAUTION: Safety glasses must be worn during this experiment.
• Half-fill a beaker with crushed ice.
• Quarter-fill a clean test tube with saturated potassium nitrate solution. Add a spatula of potassium nitrate to 

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

the solution starts to boil.
• Pour half the warm solution into each of two clean test tubes.
• Place one test tube in the beaker of crushed ice and the other test tube in the rack to cool.
• When crystals have formed in each test tube, examine them with a hand lens.

Discussion
1. Draw a labelled diagram of some crystals in each test tube, concentrating on their shape and size.
2. Which test tube contained the largest crystals — the one that cooled quickly or the one that cooled slowly?
3. Which type of igneous rock would you expect to have larger crystals, those that cool slowly beneath the 

surface or those that cool quickly above the surface or under water?
4. Why do safety glasses need to be worn in this experiment?

Crushed ice

Potassium
nitrate solution

Cool one solution quickly and the other one slowly.

HOW ABOUT THAT!
Some of the largest single crystals are found in the Merkers potash mine in Germany where cube-shaped halite 
crystals can measure over a metre across.

Crystals can come in a variety of shapes and sizes: (a) fluorite, (b) mesolite, (c) bismuth.

(a) (c)(b)
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 10.3.2 Common igneous rocks 
 Frothy rocks 
 Some violent volcanic eruptions shoot out lava fi lled 
with gases. The lava cools quickly, while it is still in 
the  air , and traps the gases inside. Rocks that form 
this way are full of holes. Two examples of these 
rocks are  pumice  and  scoria . 

 Pumice 
 Pumice is a pale-coloured rock. It is very light 
because it is full of holes. It fl oats on water and 
sometimes washes up on beaches. Powdered pumice 
is used in some abrasive cleaning products. 

    Scoria 
 Scoria is heavier than pumice and has more iron so 
it is darker than pumice. It is usually found closer 
to the volcano’s crater than pumice. Scoria is a red-
brown or grey rock that can be used in garden paths 
or around drainage pipes. 

    Basalt 
  Basalt  is an extrusive rock that can take on many 
appearances. One big difference between samples of 
basalt is the size of the crystals that make up the rock. 

 Basalt with bubbles 
 When viewed under a microscope, it is apparent 
that the crystals in this basalt are large. This is 
because they formed from lava on the ground. The 
crystals had time to grow before the rock became 
solid. Notice the holes. The lava was fi lled with 
gases when it began to cool. The gases have since 
escaped. 

    Pillow basalt 
 This rock formation came from a volcano that was 
once under water. The rocks formed from under-
water volcanoes are smooth and round. The crys-
tals in this basalt are so small that they are diffi cult 
to see. 

UNCORRECTED P
AGE P

ROOFS



TOPIC 10 The changing earth 389

c10TheChangingEarth Page 389 10/07/17  2:17 AM

    Obsidian 
Obsidian  is a smooth, black rock that 
looks like glass. It is formed when lava 
cools almost instantly. This rock is dif-
ferent from basalt because it cooled so 
quickly that no crystals formed. Some-
times very fi ne air bubbles are trapped in 
the rock, which give it a coloured sheen. 

    Granite 
Granite  is a common intrusive rock. 
The crystals in granite form over long 
periods of time and grow large enough 
to make them easy to see with the naked 
eye. Granite is very hard and can be 
used for building. Headstones and other 
monuments can be made from granite 
that has been polished to give it a glossy 
fi nish. 

 The crystals found in granite are a 
mixture of white, pink, grey, black and 
clear minerals. These are quartz (clear to 
grey), feldspar (white and pink) and mica 
(black). Feldspar is made of aluminium 
silicate, and black mica is aluminium sil-
icate combined with potassium, magne-
sium and iron.      

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

 Remember  
1. Describe   two ways in which you can   distinguish   

between intrusive and extrusive rocks.  
2. Recall   how a batholith is formed.  
3. Summarise   the differences between granite and 

basalt.  
4. Recall   why the crystals in pillow basalt are smaller 

than the crystals in basalt that formed on the 
ground.  

5. Identify   the factors that affect crystal growth in 
cooling rocks.  

6.   Scoria and pumice are formed in a similar way. 
Explain   why their colours are different.  

7. Recall   what type of extrusive rock could easily be 
mistaken for glass.  

8. Describe   one way in which intrusive rocks can become visible on the Earth’s surface.  
9. Explain   why pumice is so light.   
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10.4 Wearing away
Volcanoes continue to erupt, leaving igneous rocks on and under the Earth’s surface, yet the surface of 
the Earth’s crust isn’t a huge mass of solid rock. The actions of wind, water and ice constantly break 
down rocks on the Earth’s surface.

The process of breaking down rocks is called weathering. Weathering is a slow process, but the rate 
at which it happens depends on the type of rock and the natural action involved. In a climate as severe as 
 Australia’s, we can see many dif-
ferent examples of weathering.

The action of the sea breaks 
off pieces of coastal rock, often 
leaving spectacular features such 
as the Twelve Apostles at Port 
Campbell National Park, Victoria.

The wind wears rock away, 
especially in dry conditions when 
it blasts the  rock with sand and 
soil it has picked up.

Acid rain can form if there 
is a lot of pollution in the air. It 
can react with chemicals in rocks, 
making them crack and crumble 
more easily.

Complete this digital doc: Worksheet 10.2: Igneous rocks (doc-0000)

 Explore more with this weblink: Who am I?

 RESOURCES — ONLINE ONLY

The Twelve Apostles, on the coast of southern Victoria

Think
10. Explain how you would decide whether an igneous rock came from a volcano.
11. Rhyolite is an extrusive rock that contains the same minerals as granite. In what way would you expect it to 

be different from granite?
12. In which of the two rocks below did the lava cool faster? Explain your answer.
13. Describe what the presence of ‘bubbles’ in rocks tells us about lava.
14. Identify which of the following are true.

(a) All intrusive rocks form batholiths.
(b) Rocks are made up of substances called minerals.
(c) All igneous rocks are extrusive rocks.
(d) Intrusive rocks are more likely to have larger crystals than extrusive rocks.
(e) Batholiths come from volcanoes.

Investigate
15. Locate a building, statue or memorial in your area made from granite. Describe the granite in the building or 

structure and explain why granite’s features make it so useful.
16. Some people believe that different crystals have special properties to help your mood and health.

(a) Investigate where this idea originated.
(b) Briefly discuss in a small group how you would test the existence of these properties experimentally.

17. Use the Who am I? weblink in the Resources tab to play the Rock Game and identify rocks from a series 
of clues.
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Water on the ground can react with certain chemicals in rocks, soil and decaying plants, producing acids 
and bases that speed up the weathering of rocks.

Weathering doesn’t change only rocks. It changes buildings, roads and cars — even your own skin 
weathers as you get older!

10.4.1 Carried away
Weathered rock is usually moved from one place to another by the wind, running water, the sea or gla-
ciers. This process is called erosion. The weathered rock moved by erosion is deposited and settles on the 
land, riverbeds and floors of lakes, seas and oceans to form sediments. Deposits of dead plants and animal 
remains are also called sediments.

Soil is formed by weathering, erosion and deposition of rock. Soil also contains humus — decaying 
plant and animal material that plants can grow in.

A fast-moving river is likely to carry sand, gravel and smaller particles with it. As it slows down on its 
path to the sea, it loses energy, and particles are deposited, forming sediments. The larger particles, such as 
gravel and sand, settle first. By the time the river reaches the sea, it is usually travelling so slowly that the 
very fine mud particles begin to settle.

Wave Rock, Western Australia, a spectacular 
example of weathering by the wind and chemicals

Tree roots widen the cracks in rocks.

INVESTIGATION 10.3

Chemical weathering
AIM: To demonstrate rock weathering

You will need:
piece of limestone
distilled water
dilute hydrochloric acid
2 dropping pipettes

• Put a drop of distilled water on the piece of limestone.
• Put a drop of dilute hydrochloric acid on a different part of the piece of limestone.

Discussion
1. Does the distilled water have any observable effect on the limestone?
2. What is the effect of the dilute acid on the limestone?
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 1

     1    Fast-fl owing water can move sand, soil and even big 
rocks over long distances. All creeks and rivers fl ow to 
the sea or to inland lakes, but, by the time they reach 
the seas or lakes, the water fl ows much more slowly. 

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

   3    By the end of the river’s journey, all but very fi ne 
sediments have been deposited. 

   4    Coastlines can change quite quickly as a result of 
weathering, erosion and the deposition of sediments. 

   5    Ocean waves wear away the rocks that make up cliff 
faces. The waves pound rocks, smashing them into 
smaller and smaller pieces. 

   6    Sand is picked up by currents in the waves along one 
beach and deposited on other beaches. Strong winds 
have enough energy to pick up sand and carry it inland.  

 2

 3

 4

 5

 6
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INVESTIGATION 10.4

Sediments and water
AIM: To demonstrate sedimentation

You will need:
mixture of garden soil, gravel, sand and clay
large jar with lid
watch or clock
• Before commencing this experiment, form your own hypothesis about the order in which the different types of 

particles in the mixture will settle. Give reasons for your hypothesis.
• Place enough of a mixture of garden soil, gravel, sand and clay in a large jar to quarter-fill it.
• Add enough water to three-quarters fill the jar and place the lid on firmly. Shake the jar vigorously.
• Put the jar down and watch carefully as particles begin to settle.
• Note the time taken for each layer of sediment to settle completely.
• Leave the jar for a day or two. Then compare your observations of the jar with your diagram.

Discussion
1. Which type of sediment settled after you first shook the jar?
2. Where were the other particles of sediment while the first layers were settling?
3. Draw a labelled diagram showing clearly any layers that formed. Identify the layers if you can.
4. Which sediments settled after a day or two?
5. Why did the last sediments take so long to settle?
6. Was your hypothesis supported by your observations?
7. What is the relationship between the size of sediment particles and the time taken to settle?

HOW ABOUT THAT!

Cracking up
Some objects, like glass, crack if their temperature 
changes quickly. Rocks can do the same. The cracking 
occurs because the outer part of the rock cools more 
quickly than the inside of the rock after a hot day. 
Cracking can also occur when it rains on a hot day. The 
cracks gradually get larger, until large flakes begin to fall 
off. Granite often weathers this way.

Trees can begin to grow within cracks in rocks. 
As the trees grow, the cracks are forced apart, 
eventually splitting the rocks. This speeds up 
weathering.

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

Remember
1. Define the term ‘weathering’.
2. Recall five causes of weathering.
3. Define erosion, and describe how it differs from weathering.
4. Distinguish between a soil and a sediment.
5. As a flooded river slows down, identify which particles are likely to settle first: gravel, sand or fine clay.
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10.5 It’s sedimentary, 
Watson!
Rocks that are formed from particles of sediments 

are called sedimentary rocks. These sediments 

may come from weathered and eroded rock or even 

be the fragmented remains of once-living creatures. 

The grains of sediment are compressed under great 

pressure or cemented together by dissolved com-

pounds over a long time to form a solid rock.

This process is shown in the diagrams at right.

10.5.1 Clastic sedimentary rocks
Sedimentary rocks can be categorised according to 

the type of material that the sediments are made 

of. Most sedimentary rocks are made of clastic 

material — pieces of older rocks that have been 

Complete this digital doc: Worksheet 10.3: Weathering and erosion (doc-0000)

 RESOURCES — ONLINE ONLY

Think
6. The Sphinx and the Great Pyramids of Egypt have stood for thousands of years, yet weathering has 

affected them more during the past 50 years than in the previous years since they were built. Describe the 
most likely cause of increased weathering.

7. Acid rain is a serious problem in industrial areas where there is a lot of air pollution. However, rain reaching 
the ground after falling through clean air is also slightly acidic. Explain how this could be.

8. Identify which feature of Wave Rock is the result of:
(a) weathering by wind
(b) weathering by chemicals.

9. Describe some evidence of the weathering of:
(a) buildings
(b) cars
(c) roads.

10. Compare the sediment found at the bottom of a still lake with the sediment on the banks of a mountain stream.
11. In alpine regions, rocks can be shattered by frozen water. Explain how this can happen.
12. What type of sediment would you expect to find on the bed of the Yarra River in Melbourne, the Derwent 

River in Hobart or the Swan River in Perth?
13. The Twelve Apostles were originally named because 12 ‘stacks’ were close together along the western 

Victorian coast. Some of the stacks have since collapsed into the sea.
(a) What is probably the main cause of the weathering of these stacks? Explain.
(b) Which part of each stack is likely to weather most quickly? Justify your answer.
(c) Has this coastal feature been caused by weathering, erosion or both? Explain your answer.

14. Why are larger sediments deposited before finer ones in river systems?
15. How much weathering and erosion would take place on the moon? How long would you expect a footprint 

to remain on its surface? Justify your answers.

Sediments are laid down by 
ice, wind or water, in horizontal 
layers called beds.

Within each bed, the sediment 
grains are squashed together 
so that they are in close 
contact.

Water seeps in between the 
grains, bringing with it many 
dissolved chemicals.

When the water evaporates, 
these chemicals are left behind 
as crystals around the edges of 
the grains. These crystals 
cement the grains of sediment 
together to form rock.

Many sedimentary rocks form in this way.
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eroded and deposited. As a result, clastic sedimentary rocks are made from minerals, such as quartz, feld-
spar and mica, or particles of clay or sand.     

 10.5.2 Organic sedimentary rocks 
 Sedimentary rocks that are made from material that was once part of a living organism are referred to as 
organic sedimentary rocks . Rocks such as  limestone  are formed from calcium carbonate. This compound 
comes from the hard shells and exoskeletons of ancient sea organisms that were cemented together with silt 
and compressed by the sediment layers forming above them on the ocean fl oor. 

 Coal 
  Coal  is formed from the remains of dead plants that are buried by other sediments. In dense forests, layers of 
dead trees and other plants build up on the forest fl oor. If these layers are covered with water before rotting 

Sandstone  is formed from grains of sand that have 
been cemented together over a long time. 

   Mudstone  and  shale  are both formed from 
fi ner grains of sediment deposited by calm 
water in the form of mud; however, shale 
has been compressed more and forms thin 
fl akes when broken. 

Siltstone  has grains slightly larger than those of 
mudstone or slate. 

   Conglomerate  contains many 
different sizes of particle from 
fi ne grit to rounded pebbles. It 
is often referred to as ‘pudding 
stone’. 
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is  completed, they can become covered with other 
sediments. The weight of the sediments above com-
pacts the partially decayed plant material. Over 
millions of years the compacting increases the tem-
perature of the sediment and squeezes out the water, 
forming coal.

10.5.3 Rocks in layers
Layers of sedimentary rock are often clearly visible 
in road cuttings and the faces of cliffs. The lime-
stone in the photograph below was formed on the 
ocean floor. Layers of sediments and sedimentary 
rocks can be pushed upwards by the same forces 
below the Earth’s surface that cause mountains to 
be formed. Those forces can also bend and tilt the 
layers.

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

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

Coal is used as a fuel. It is burned in elec-
tric power stations to boil water. The steam is 
then used to drive the turbines that produce 
electricity. In some countries, coal is burned in 
home heaters.

This limestone, rich in corals and shells, is many 
metres above sea level. How did it get there?

Layers of sedimentary rock can be pushed upwards, 
bent and tilted by forces beneath the Earth’s surface.

HOW ABOUT THAT!
The chalk used to write on blackboards is like limestone, 
but it is not as hard as most limestone. Chalk is formed from 
very fine grains of calcium carbonate that have separated 
from sea water and settled to become a white, muddy 
sediment on the sea floor. The sediment hardens over time 
to form chalk. This process takes millions of years. The 
remains of shellfish and other sea animals are also found in 
the sediment that forms chalk, but most of these remains 
are microscopic.

The white cliffs of Dover that overlook the English Channel 
are composed of chalk.
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INVESTIGATION 10.5

Identifying sedimentary rocks
AIM: To identify a range of sedimentary rocks

You will need:
several examples of unlabelled sedimentary rocks, including limestone
dropping bottle of dilute hydrochloric acid
• Use the key below to identify the samples of sedimentary rocks that you are provided with.
• To do the acid test, just add one drop of dilute hydrochloric acid onto the sample.

Discuss and explain
1. How many of the unlabelled rocks did you correctly identify?
2. Which of the rock samples were the most difficult to identify?

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

Remember
1. Recall what all sedimentary rocks are formed from.
2. Explain, with the aid of a diagram, how grains of sand can become part of a sedimentary rock.
3. Sedimentary rocks that have formed from the erosion of weathered rock cannot be identified by their colour. 

Recall the feature that allows you to identify them.
4. Describe the difference between clastic and organic sedimentary rocks.
5. Explain how a rock can be formed from the remains of animals.
6. Recall how coal is formed.
7. Recall how mudstone is different from shale.

Think
8. Explain why sedimentary rocks are found in layers.
9. A road cutting reveals a layer of sandstone beneath a layer of mudstone. Between them is a much thinner 

layer of conglomerate. Identify which layer would have formed:
(a) from sediments beneath the sea
(b) while the area was flooded by a swollen, fast-flowing river
(c) while the land was the floor of a still lake
(d) most recently.

Clastic materialOrganic material

Sedimentary rocks

Plant remains

Woody appearance

Animal skeletons

Fizzes in acid

Coal Limestone

Grains all
different sizes

Conglomerate

Grains easily
seen and felt

Sandstone

Grains not easily
seen, but can be felt

Siltstone Mudstone

Grains too small to
see or feel

Flaky, easy to
separate into layers

Shale
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  10.6  Time trapped 
in rocks 

 10.6.1 Layers of clues 
 Sedimentary rocks form in layers. Each new 
layer forms on top of the older layers below. 
Sedimentary rocks are therefore useful for 
giving scientists clues about the order in which 
events happened. Sudden events, such as 
exploding volcanoes, are recorded in the layers. 
Slow movements beneath the surface can also 
be seen in the layers.  

 10.6.2 Living in the past 
 The layers in rocks are useful for fi nding out about 
the order of events in a particular area. Finding 
out about the order of events, or comparing the 
ages of rocks without actually knowing their age 
in years, is called  relative dating . Mudstone

Limestone

Conglomerate

Shale

Conglomerate

Basalt

3

2

1

4

5

6

7

     1    Conglomerate was deposited fi rst in this rock sample. 
This layer was deposited by a glacier or an active 
environment — such as a very fast fl owing river. 

   2    This is the second layer deposited. Shale is a fi ne-
grained rock that is deposited in a quiet environment 
such as a swamp, lake or the slow-fl owing part of a river. 

   3    The third event to occur was the deposition of 
limestone. It tells us that there were probably marine 
organisms present in the area during this time. 

   4    A slow event caused the lower levels to buckle. This is 
called  folding . Folding can occur when rock layers are 
under pressure from both sides. 

   5    A sudden event, such as an earthquake, occurred 
to break the layers of rocks like this. This event took 
place after the lower layers were folded. A break like 
this is called a  fault . 

   6    A long period of weathering and erosion left the layer 
of limestone with a fl at surface. When a volcano then 
erupted nearby, lava from the volcano cooled to form 
basalt on the fl at surface. 

   7    These layers were deposited last. They have started to 
weather and erode.  

  Fossil of a reptile 

10.     Explain   why limestone and coal are sometimes referred to as ‘biological rocks’.  
11.   Limestone is mostly formed on the ocean fl oor.   Account   for the fact that the Nullarbor Plain is riddled with 

limestone caves.  
12.   In which type of sedimentary rock would you be most likely to fi nd embedded seashells?   Explain  .   

 Investigate  
13.   What do peat, brown coal and black coal have in common?   Investigate   what makes them different from 

each other.   

  Complete this digital doc:   Worksheet 10.4: Sedimentary rocks (doc-0000)  

   RESOURCES — ONLINE ONLY 
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Palaeontologists  study  fossils . A fossil is evidence of life in the past. Fossils can be used to compare the 
ages of rocks all around the world. Sedimentary rocks that contain the same fossils usually formed at about 
the same time.  

 10.6.3 How fossils form 
 The remains of most animals and 
plants decay or are eaten by other 
organisms, leaving no trace behind. 
However, if the remains are buried 
in sediments before they disappear, 
they can be preserved, or fossilised. 
Fossils can take several forms.  
 •   The hard parts of plants and ani-

mals are more likely to be pre-
served than the softer parts. Wood, 
shells, bones and teeth can be 
replaced or chemically changed by 
minerals dissolved in the water that 
seeps into them. Fossils formed 
in this way are the same shape as 
the original remains but are made 
of different chemicals; petrifi ed 
wood is an example. Animal bones 
and shells can be preserved in sed-
iments or rock for many years without changing. The types of bones, shells and other remains found in the 
layers of sedimentary rock provide clues about the environment, behaviour and diets of ancient animals.  

 •   Sometimes, fossils of whole organisms, including the soft parts, are preserved. Such fossils are rare and 
valuable. Insects have sometimes been preserved whole as a result of being trapped in the sap of ancient 
trees. Over millions of years, the sap has petrifi ed to form amber. Similarly, if the remains of animals or 
plants are frozen and buried in ice, they can be fully preserved. Whole bodies of ancient woolly mam-
moths (including skin, hair and internal organs) have been found trapped in the ice of Siberia and Alaska. 
These remains provide clues to the way that living things have changed since ancient times. Whole 
bodies and preserved skulls of animals can even reveal evidence of their last meal before death.  

 •   The remains of animals or plants sometimes 
leave an impression, or imprint, in hardened sed-
iments or newly formed rock. It is also possible 
for remains trapped in rock to be broken down 
by minerals in water, leaving a  mould  in the 
shape of the organism.  

 •   Some fossils, called  trace fossils , provide only 
signs of the presence of animals or plants. For 
example, footprints preserved in rock can provide 
clues about ancient animals, including dinosaurs, 
and how they lived. By studying the shape, size 
and depth of footprints, hypotheses can be made 
about the size and weight of extinct animals as 
well as how they walked or ran. Plant, leaf and 
root imprints and feather impressions are other 
 examples of trace fossils.       

  These insects were trapped in the sap of a tree 
millions of years ago. 

  Scientists measure a 2.3-metre-long sauropod bone found in France. 
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 10.6.4 Dinosaurs preserved in rock    

  Paleontologists have been able to study the well-preserved body of this 
baby mammoth. This 40 000-year-old, whole-body fossil was found by 
a hunter in the Russian arctic in 2007. 

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

2.    If a dinosaur died near a muddy swamp, shallow 
lake or riverbed, its remains sank in the mud or 
were washed into a river in a fl ood. The bones 
were quickly buried in sediment.     

 INVESTIGATION 10.6 

 Making a fossil 
  AIM:  To demonstrate the process of fossilisation 

   You will need:   
  small seashell  
  small box (shoebox or milk carton)  

  fi ne sand  
  plaster of Paris   

•   Half-fi ll the box with fi ne, damp sand.  
•   Make a clear imprint of a small seashell in the sand.  
•   Mix some plaster of Paris and pour it carefully into the imprint.  
•   Once the plaster has set, remove the plaster cast carefully from the sand.  
•   You have two records of the seashell — the mould or imprint in the sand and the plaster cast.   

 Discussion  
1.   Which parts of animals are most likely to be preserved as casts?  
2.   Is the fossil of a fern leaf more likely to be found as a cast or a mould? Why?  
3.   Dinosaur fossils are found in casts and moulds. What evidence of dinosaurs is likely to be found as a mould?   

  CAUTION:    Do not put plaster of Paris down the sink .  
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3.   Over millions of years, more layers of sediment 
were deposited on top of the buried remains. 
Chemicals dissolved in the water that seeped 
into the remains changed their colour and 
chemical composition. The shape, however, 
was preserved. The sediments were 
gradually transformed into 
sedimentary rock.     

4.   The layers 
of rock 

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

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

 Remember  
1.   A road cutting reveals the layers of rock 

shown below.   Identify   which of the rocks 
in the cutting is:  
(a)   the oldest rock  
(b)   the youngest rock  
(c)   evidence of volcanic activity  
(d)   not a sedimentary rock.     

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

3.  Distinguish   between the relative age of a 
rock and its actual age in years.  

4.  Recall   what a palaeontologist studies.  
5.  Describe   the clues that fossils provide 

about life in the past.  
6.  Describe   how whole ancient living things 

can be preserved as fossils.  
7.  Defi ne   the term ‘trace fossils’, and   explain   how they are useful.  
8.     Distinguish   between a cast and a mould.  
9.   List the information about dinosaurs that can be obtained from fossils.   

 Think  
10.   Fossils of dinosaurs formed when their remains were buried under many layers of rock.   Explain   why fossils 

are often discovered in rocks and soil on the surface.  
11.  Explain   how it is possible to use preserved dinosaur footprints to form hypotheses about:  

(a)   whether dinosaurs lived alone or in herds  
(b)   the way dinosaurs walked  
(c)   the weight of different kinds of dinosaurs  
(d)   the walking or running speed of dinosaurs.    

12.  Identify   which of the rocks in the diagram in  question 1  would be most likely to contain the fossil of:  
(a)   a seashell  
(b)   the leaf of a fern usually found in swamps.    

13.  Explain   why some layers shown in the diagram in  question 1  are thicker than others.  

Shale

Sandstone

Basalt

Limestone

Mudstone

  Layers of rock exposed by a road cutting 
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10.7 Rocky changes
Sedimentary rocks are those that have formed from 
deposits of weathered rock or the remains of living 
things.

Igneous and sedimentary rocks deep below the 
Earth’s surface are buried under the huge weight 
of the rocks, sediments and soil above them. They 
are also subjected to high temperatures. The tem-
perature increases by about 25 °C for every kilo-
metre below the surface. This heat and pressure can 
change the composition and appearance of the min-
erals in rocks.

The process of change in rocks is called meta-
morphism and the rocks that are formed by these 

Complete this digital doc: Worksheet 10.5: Tracking changes in rock (doc-0000)

Try out this interactivity: Relative age of rocks (int-0233)

 RESOURCES — ONLINE ONLY

Gneiss is formed mainly as a result of great 
pressure on granite.

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

15. Is an ancient Egyptian mummy found in a newly 
discovered tomb a fossil? Explain your answer.

16. Normally, older layers of rock are found below younger 
layers. Sometimes, however, younger layers are found 
beneath older layers. Deduce how this could happen.

17. Describe how fossil records can help us to link rocks 
from different parts of the world.

18. Examine the diagrams below, which show cross-
sections of an archaeological dig in three different 
locations in the same general area. Decide which cross-
section of strata — A, B or C — is likely to contain (a) 
the oldest remains, and (b) the most recent remains.

Create
19. Use plasticine to construct a sample of sedimentary rocks. Apply a gentle force to the sides of the layers. 

Describe how the layers fold under gentle pressure.

Investigate
20. Even an animal’s droppings can become fossilised. Use the internet or your library to investigate the 

following.
(a) Which animal was responsible for a huge fossilised dropping found in Canada in 1998?
(b) How long was the dropping?
(c) What can palaeontologists find out from it?
(d) Scientists give fossilised droppings a special name. What is it?

21. Find out how the actual age of a rock in years is determined. This actual age is known as the absolute age.
22. Rate the rock formations in order from the oldest to the most recent with the Relative age of rocks 

interactivity in the Resources tab. int-0233

A B C
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changes are called metamorphic rocks. The name 
for these changed rocks comes from the Greek words 
meta, meaning ‘after’ or ‘changed’ and morphe, 
meaning ‘form’.

The changes that take place during the formation 
of metamorphic rocks depend on:
 • the type of original rock
 • the amount of heat that the original rock is 

exposed to
 • the amount of pressure caused by the weight of the 

rocks above
 • how quickly the changes take place.

Metamorphic rocks that are mainly the result of 
great pressure can often be identified by bands or 
flat, leaf-like layers. These bands are evident in the 
sample of gneiss (pronounced ‘nice’) pictured above. 
The diagram below shows how rocks can be changed 
by the high temperatures that result from contact 
with hot magma.

Other common examples of the formation of met-
amorphic rocks are:

10.7.1 Clues from metamorphic 
rocks
The nature of metamorphic rocks above and below the 
ground can provide clues about the history of an area.

The presence of slate might suggest that the area was 
once the floor of a still lake or river mouth. The sedi-
ments were probably buried under many other sediments 
and cemented together to form shale. The shale was 
transformed, or metamorphosed, into slate as a result of 
new rock formed above it. Think about why the presence 
of quartzite or marble high in a mountain range would 
suggest that the area was once below the sea.

10.7.2 Uses of metamorphic rock
The strength, resistance to weathering and appear-
ance of marble make it suitable for use in statues 
and the walls and floors of buildings (inside and out-
side). It is usually highly polished. The hardness, flat 
structure and strength of slate make it ideal for use 
in buildings, especially in roofing and floor tiles. The 
sedimentary rocks from which marble and slate are 
formed could not be used for these purposes.

Layers of 
sedimentary 
rock

Metamorphic
rock

Hot
magma

The formation of metamorphic rock by 
contact with hot magma

Shale (sedimentary) mainly pressure ⇒ Slate

Sandstone (sedimentary) mainly heat ⇒ Quartzite

Limestone (sedimentary) mainly heat ⇒ Marble

Marble forms from limestone under heat and 
pressure. It contains the same minerals as limestone.

Shale is a common type of sedimentary rock. It 
has fine grains and crumbles easily along its layers. 
When shale is exposed to moderate heat and 
pressure, it forms slate.
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 10.7.3 The rock cycle 
 The rock cycle describes how rocks can change from one type to another. Weathering, erosion, heat, pres-
sure and remelting are processes that help change rocks. The rock cycle is different from other cycles 
because there is no particular order in which the changes happen. Some rocks have been unchanged on 
Earth for millions of years and may not change for millions more. Some rocks change very quickly, espe-
cially near the edges of the plates that make up the Earth’s crust.        

Heat and pressure 

    
Remelting 

Weathering and erosion 
Hea

t a
nd pressure 

              Weathering and erosion 

Remelting 

Metamorphic rock

Sedimentary rock

Igneous rock

 HOW ABOUT THAT! 
 Have you ever tried to lift one end of a pool and noticed 
how incredibly heavy it is? It’s really heavy because the 
fl at surface under the felt is not wood as you may have 
thought — it’s actually 
made of slate. Because 
of its natural hardness 
and its fl at face, it makes 
an ideal even surface!     

 HOW ABOUT THAT! 
 A tadpole grows into a frog, female frogs lay eggs, and eventually more 
tadpoles emerge from the eggs. That’s a life cycle. Some of the changes 
in rocks can be described as cycles too. Weathered rock is moved 
by erosion and the particles form sediments, which can be cemented 
together to form sedimentary rocks, which in turn may eventually change 
into metamorphic rocks. Once those rocks are exposed at the surface, the 
weathering starts all over again. A complete cycle normally takes millions 
of years, but sometimes never takes place at all. Why?  

  There are many cycles in nature. 
Some happen faster than others. 
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INVESTIGATION 10.7

Rocks — the new generation
AIM: To examine ‘parent’ and metamorphic rock

You will need:
labelled rock samples including:
    granite
    gneiss
    limestone
    marble
    sandstone
    quartzite
    shale
    slate
hand lens

• Try to sort the rocks into pairs of ’parent’ rock and corresponding metamorphic rock. Use the examples on 
the beginning of this section if you have trouble pairing the rocks.

• Examine each pair of rocks with a hand lens.
• Copy and complete the table below by noting the similarities and differences between the ’parent’ and 

metamorphic rock of each pair.

Discussion
1. Why is the term ’parent’ rock used?
2. Use the last column of your table to suggest whether the main cause of metamorphism was heat or pressure.

‘Parent’ rock
Metamorphic 
rock Similarities Differences

Main cause of 
metamorphism

Shale        

  Gneiss      

Sandstone        

  Marble      

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

Remember
1. Rocks are classified into three groups. Metamorphic rocks make up one of these. Identify the two groups of 

rock that metamorphic rocks are formed from.
2. Recall the processes that can cause rocks to change form and become metamorphic rocks.
3. Describe how the appearance of gneiss differs from granite.
4. Recall how granite can be transformed into gneiss.
5. Explain why slate is commonly used in floor tiles.
6. When sandstone is under heat and pressure, identify which metamorphic rock it might form.
7. Identify the rock type that slate is formed from.
8. Classify the following rocks as sedimentary, igneous or metamorphic.

(a) Sandstone
(b) Marble
(c) Basalt
(d) Gneiss
(e) Granite

Comparing ‘parent’ and metamorphic rocks
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10.8 Human-made erosion
Science as a human endeavour

Without weathering and erosion, the rocks that rise to the 
Earth’s surface would keep building up. Both weathering 
and erosion are natural processes. But what happens when 
humans disturb the natural process?

Imagine a world where acid falls from the sky, a place 
where deserts replace fertile land and where the beaches are 
vanishing. These are some of the effects that humans have 
already had on the Earth.

10.8.1 Why save the trees?
The roots of trees help to hold the soil together. Removing 
trees exposes good, fertile soil to wind and water. The soil 
is blown or washed away, leaving the land destroyed. Early 
Australian settlers originally cut down trees to create farmland. As the population grew, more trees were 
cleared to provide space for industrial areas and housing. Since then, industrial areas have grown larger and 
the forests smaller. Trees are still being cleared for wood and wood products like paper (see the photo on 
next page).

Over the past 200 years, over two-thirds of Australian forests have been cleared.

10.8.2 Coasts under threat
Coastal areas can be badly affected by erosion. Bare sand is easily washed away by water and blown inland 
by the wind. Vegetation that binds the sand together has been torn up by recreational vehicles. Vegetation 
near beaches in tourist areas such as the Gold Coast has been removed and replaced with huge buildings. 
Barriers such as sea walls, mesh fences and groynes then had to be built to hold sand on the beaches.

Complete this digital doc: Worksheet 10.6: The rock cycle (doc-0000)

 Explore more with this weblink: Rock cycle

Try out this interactivity: Metamorphic rocks (int-0234)

 RESOURCES — ONLINE ONLY

Think
9. Explain what the bands in metamorphic rocks tell us about how the rocks were formed.

10. If an igneous or a sedimentary rock gets so hot that it melts completely, it does not become a metamorphic 
rock. Explain why.

11. Deduce why geologists describe limestone as the ‘parent’ rock of marble.
12. Metamorphic rocks are generally formed deep below the surface of the Earth. However, they are often 

found above the ground — even high in mountain ranges. Explain how this can be so.
13. Limestone is a sedimentary rock. Describe the events that could occur to change limestone into another rock.

Investigate
14. Investigate the uses of marble and slate. Where are they obtained? What are they used for? Why are they 

expensive?
15. Apply mainly heat or pressure to a series of rocks and watch them change with the Metamorphic rocks 

interactivity in the Resources tab. int-0234
16. Use the Rock cycle weblink in the Resources tab to watch an animation of how rocks undergo change.
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    10.8.3 On the mend 
 Scientists, conservation groups and government bodies play an important part in improving the environ-
ment. The aim is to reduce the impact of human activity and repair past damage. Some methods of reducing 
erosion and repairing the damage already caused by erosion include:  
 •   farmers ploughing their fi elds around hills rather than up and down the slope. This reduces the amount 

of soil washed down hills by rain.  
 •   sealing roads and gutters to direct water into proper drains  
 •   controlling numbers of livestock  
 •   replacing trees that have been removed  
 •   fencing off large sections of beaches and banning recreational vehicles in many coastal areas  
 •   reducing the impact of introduced animals, such as rabbits, on native vegetation.      

 INVESTIGATION 10.8 

 Why plant trees? 
  AIM:  To demonstrate the effect of land clearing 

   You will need:   
  stream tray or box  
  damp sand  
  wooden block  
  rubber tubing  
  plastic lid from a soft-drink bottle  
  several small twigs   

•   Pack the sand into the tray.  
•   Make a groove in the sand to represent a creek 

or river.  
•   Set up the equipment as shown in the diagram.      
•   Make sure to ‘plant trees’ on one side of the 

‘creek’ only.  
•   Use the rubber tubing to aim water into the lid.  
•   Allow water to fl ow slowly but steadily into the lid 

and then overfl ow into the ‘creek’.   

 Discussion  
1.   Where does most of the erosion occur along 

the ‘creek’?  
2.   What effect do the ‘trees’ have on erosion?   

Rubber tubing Tap

Moist sand
Twigs

Plastic lid

Wooden
block Creek

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

 Remember  
1.     Defi ne   the term ‘acid rain’.  
2.   Give two reasons why 

forests have been cut 
down.  

3.     Explain   how cutting down 
trees speeds up erosion.  

4.     Describe   two ways 
that farmers can reduce 
erosion.   

 Think  
5.     Explain   why a barrier 

has been placed at the 
back of the beach in the 
 photo .  

6.   The photograph below 
shows an example of 
tunnel erosion.   Suggest   
what has caused the 
erosion and how it may be 
stopped.      

 Create  
7.     Construct   a fl ow chart to show how deforestation can occur.

Discuss  
8.   Imagine you work for a local council in an area that has both national parks and coastlines. Your job is to 

educate people in the area about erosion and land care. Design and   construct   a leafl et that gives reasons 
for not using recreational vehicles in the area.   

 HOW ABOUT THAT! 
 Every day many harmful chemicals are pumped into the 
air. Some are naturally formed chemicals, but many are 
from cars, factories or from other human activity. The 
chemicals in the air can dissolve in water, much like salt in 
hot water. The dissolved chemicals return to the ground in 
rainwater, snow or fog, and the combination is called acid 
rain. 

 Acid rain can poison trees, soil and water supplies. It 
even eats away at rocks, including those used in buildings 
and statues.    
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10.9 Review
Rock composition
 • describe the lithosphere 10.2
 • recall that all rocks are made up of minerals 10.2
 • identify minerals based upon their hardness, lustre, colour and streak 10.2
 • define the Mohs’ hardness scale 10.2

Types of rock
 • distinguish between extrusive and intrusive igneous rocks 10.3
 • explain the differences between igneous, sedimentary and metamorphic rocks 10.3, 10.5, 10.7
 • describe how metamorphic rocks are formed from sedimentary and igneous rocks 10.7
 • identify a variety of igneous, sedimentary and metamorphic rocks 10.3, 10.5, 10.7
 • recall how crystal size depends on cooling rate 10.3
 • explain how crystals can be used to identify rock types 10.3
 • describe the rock cycle 10.7
 • explain how rock layers reveal information about changes to the Earth 10.5–10.7

Fossils
 • describe the work of paleontologists 10.6
 • recall the different types of fossils and explain how they may be formed 10.6
 • explain why fossils may be preserved in sedimentary rock rather than igneous rock 10.6
 • explain how the ages of fossils can be determined using rock layers 10.6

Weathering
 • define the terms ‘weathering’, ‘erosion’ and ‘sediment’ 10.4, 10.5
 • recall different ways that sediment may be deposited 10.4
 • explain how acid rain affects rocks and human-made structures 10.8
 • identify Australian examples of rock formations that have been created by erosion and weathering 10.4
 • describe the effect of deforestation on soil erosion 10.8
 • describe methods that can be used to reduce soil erosion 10.8

Individual pathways

 U ACTIVITY 10.1
Revising the changing Earth
doc-10565

 U ACTIVITY 10.2
Investigating the changing Earth
doc-10566

 U ACTIVITY 10.3
Investigating the changing Earth 
further
doc-10567

  ONLINE ONLY

FOCUS ACTIVITY
Research and report on a range of tools, weapons and other devices made of rock used by Aboriginal and Torres 
Strait Islander peoples.

Access more details about focus activities for this topic in the Resources tab. (doc-10564)
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 10.9 Review 1: Looking back  
1.    Identify  which of the following are extrusive igneous rocks and which are intrusive igneous rocks: scoria, 

basalt, granite, obsidian, pumice.  
2.   What information can be determined by examining the crystals of rock minerals?  
3.    Explain  how the lithosphere differs from the crust.  
4.     Evaluate   whether the word in italics makes the statement true or false. If the statement is false, replace the 

word in  italics  to make it true.  
(a)   Extrusive rocks form  above  the Earth’s surface.  
(b)   The  faster  the cooling time, the larger the crystal size in igneous rocks.  
(c)    Weathering  is the process of moving broken down rock or soil from one place to another.    

5.   Often, when lava cools, the rocks formed near the edge of the lava fl ow have different-sized crystals from 
the rocks formed in the middle of the fl ow.  
(a)     Describe   where in the fl ow the rocks with the smallest crystals would form.  
(b)     Propose   a reason for this.    

6.   Draw diagrams to   explain   the difference between weathering and erosion.  
7.   While studying sedimentary rocks in a railway cutting, a geologist discovers a bed of rock with ripple marks 

in its surface. How could the ripple marks have been made in the rock?  
8.     Defi ne   the term ‘parent rock’.  
9.   There is a lot of evidence that the Earth is changing. Volcanoes erupt, coastlines disappear, cracks appear 

in the ground, and fossils of seashells can be found on the top of some high mountains. In some cases, 
ancient cities have been found beneath the sea. Some of these changes are caused by natural events that 
shape the Earth over millions of years; other natural events happen very quickly, in days, hours, minutes or 
even seconds. Unfortunately, not all of the events that change the surface of the Earth are natural. Some of 
them are caused by human interference with the environment.  
(a)   Copy and complete the following table, which lists some of the natural events that change the Earth. 

Work in a small group to add as many natural events to the table as you can.  
(b)   Work in a group to   construct   a table like the one below that lists non-natural events that shape the Earth 

or might shape the Earth in the future.  

(c)   For each of the events that you have 
included in your table for part (b),   describe  :  
(i)   whether the changes made to the Earth’s 

surface would continue to have effects 
if humans were to suddenly be removed 
from the planet  

(ii)   ways in which these events could be 
stopped.       

10.   Fill in the blanks in the diagram at right.     

W
eathering

W
eathering and erosion
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W
e
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athering
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?

?

?

?

Igneous rock

?

  Natural event  
  Conditions that cause 
the event  

  Likely effects on the 
Earth’s surface or crust  

  Likely effects on 
humans  

 Cyclone          

 Earthquake          

 Volcanic erruption          

 Drought          

 Tsunami          

 Erosion          
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11. Explain why acid rain eats away some types of stone used in buildings, but not others.
12. Copy and complete the diagram below to show how some common metamorphic rocks are formed.

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

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

15. Normally, old layers of rock are found below younger layers. Sometimes, however, younger layers are found 
beneath older layers. Explain how this could happen.

16. Deforestation is a worldwide problem.
(a) Describe how deforestation speeds up the processes of weathering and erosion.
(b) Recall some measures that are being taken to reduce erosion and improve the environment.

Shale
(sedimentary)

Granite
(                         )

(sedimentary) Quartzite

Limestone
(                         )

Mainly pressure

Mainly

Mainly heat

Mainly

UNCORRECTED P
AGE P

ROOFS

diacriTech
Highlight



412 Jacaranda Core Science Stage 4

c10TheChangingEarth Page 412 10/07/17  2:17 AM

17.   The photograph at the right is of a giant 
dinosaur footprint that has been preserved in 
rock at Lark Quarry in central Queensland.  
(a)   What type of fossil is it?  
(b)   Why is it classifi ed as a fossil even though 

it could be described as a dent in a rock?  
(c)   Have all dinosaur footprints been 

preserved? Why has this one been 
preserved for hundreds of millions of 
years?  

(d)   What can be learned about the features of 
the dinosaur that left this footprint?  

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

18.   The Grand Canyon in Arizona, shown at the 
below right, has been forming over millions 
of years. It once formed the lower slopes of 
a mountain range that was twice as high as 
Mount Everest. Today, it is the largest gorge 
on Earth. The Colorado River fl ows in the 
bottom of the gorge.     
(a)     Describe   how the gorge was probably 

formed.  
(b)   State what types of rock would be found 

here and   explain   your answers.    
19.     Identify   the following rocks based on their 

descriptions:  
(a)   This rock is deposited in layers that are 

squashed together over long periods of 
time. It is most easily seen in road cuttings 
or cliff faces.  

(b)   This rock is formed from limestone that 
has been heated and placed under great 
pressure. It is very hard but is able to be 
formed into sculptures.  

(c)   This igneous rock is speckled in 
appearance due to its large crystals of 
feldspar, mica and quartz.  

(d)   This dark, glassy rock is formed from 
the same material as basalt but has no 
crystals.  

(e)   This is a pale rock that has a lot of holes 
in it. It can fl oat on water and is used as 
an abrasive.     

 Test yourself  
1.   Rocks that have formed from cooled lava are 

described as  
(A)   plutonic.  
(B)   igneous.  
(C)   metamorphic.  
(D)   sedimentary.     (1 mark)  
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2.   Fossils are most likely found in  
(A)   granite.  
(B)   basalt.  
(C)   obsidian.  
(D)   shale.     (1 mark)  

3.   The lithosphere includes the  
(A)   crust and the upper sections of the mantle.  
(B)   crust only.  
(C)   mantle only.  
(D)   top layer of the crust only.     (1 mark)  

4.   The hardest mineral on Mohs’ scale of hardness is  
(A)   talc.  
(B)   quartz.  
(C)   corundum.  
(D)   diamond.     (1 mark)  

5.     Describe   the order of events that occurred to form these rock samples.    
(A)   (3 marks) 

(B)   (3 marks)   

   Complete this digital doc:   Worksheet 10.8: The changing Earth puzzles (doc-0000)  

   Complete this digital doc:   Worksheet 10.9: The changing Earth summary (doc-0000)  

   RESOURCES  — ONLINE ONLY

Mudstone

Mudstone

Mudstone

Limestone

Sandstone

Sandstone

Conglomerate

Basalt

Limestone
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