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Introduction
EARTH AND ENVIRONMENTAL
SCIENCES SUMMER SCHOOL 2018
This short course is designed to sample some of the specialist methods
currently used to better understand our planet.
The course is prepared for high school students who are keen on the sciences,
particulary those who cannot take Earth Sciences at their school.
Science, Technology, Engineering, and Mathematics (STEM) is treated in the
context of the Earth Sciences, for this course.
No prior knowledge is assumed.
The labels of ACTIVITY, EXPERIMENT, INVESTIGATION & RESEARCH, refer to
the following:

ACTIVITY
Using the data given, solve a problem by graphing, doing
calculations, or cutting and fitting jig-saw puzzle parts.

EXPERIMENT
Requires the use of equipment to observe a process, record
what happens and draw conclusions, which can be tested
and used to make a prediction.

INVESTIGATION
Requires defining a problem and devising a way of
solving it.

RESEARCH
May involve going to a library, using the internet, or
interviewing others to learn about a topic.

This handbook is complimented by briefing lectures, demonstrations or field
visits to introduce new concepts. These lectures are not included in the book.

Department for Energy and Mining

1

Foreword
Inspiring and developing our future geoscientists is at the heart of the 2018
Earth and Environmental Science Summer School Resource Handbook. As
these sciences are less prominent in the school curriculum, this Summer
School is an important supplement to a diverse student education. A diverse
education is vital for shaping our future leaders, scientists, engineers and
professionals of all types.
Students are encouraged to learn about our planet, how it supports our
society, and the interactions earth and environmental science has with our
day-to-day life. Science is a passport to travel across the world and entrée into
varied and fascinating aspects of life.

Alexandra Blood,
Executive Director,
Mineral Resources Division,
Department for Energy
and Mining

This short course covering geology, environmental management,
palaeontology, geophysics, anthropology, and the resources sector aims to
spark interest in budding scientists and leaders. Students will discover new
knowledge by combining theory with challenging practicals designed for
interaction, planning, and discussion in problem-solving processes.
The Department for Energy and Mining appreciates the passionate work of
our Education Officer, John Mignone, in developing this valuable teaching
resource for South Australian students and his continued commitment to this
Summer School Program.
Signed Alex Blood

About the Author
Department for Energy and Mining Education Officer, John Mignone, on
behalf of the State Government has provided a geoscience education service
to primary, secondary and tertiary students and community groups across the
State since 1992.
During his 44 years of teaching the Earth Sciences, he has found the discovery
process of “learning-by doing” most effectively promotes the retention of new
knowledge. “This, I wholeheartedly believe, is the essence of learning and the
purpose for which an educator should strive.”

John Mignone
Education and Community
Information

He has brought together personal learning experiences, such as making
interactive models in his garage and working with scholars, to inspire his
students with a holistic hands-on education resource. Student feedback has
been consistently good, with some students progressing from his programs
into geo- and environmental science careers in South Australia and beyond.
In his own words: “I hope this educational resource will encourage and benefit
the next generation of teachers and students alike, to pursue this worthy field.
After all, Earth is currently the only planet we have”.
John Mignone
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DAY 1

Ground floor Reception, South Australia Drill
Core Reference Library
(Please bring your own laptop, if you have one)

9–10.45 am

Session 1
Welcome
How the Universe made the Earth and your
family’s Car – Lecture; John Mignone
Plate Tectonics – ‘Iz it Izz or is it Ain’t?’
The Evidence! – Practical Investigation;
John Mignone

15 min break
11–12.30 pm

Session 2
The Rock Cycle – Lecture
Minerals –types, identification and uses
– Practical Activity
Crystal Symmetry – Practical Activity;
Ms Peta Abbott, Resources Analyst, Gemmologist
(Trolley of Igneous rocks, Symmetry models,
Mineral ID trolley).

45 min lunch break
1.15–2.45 pm

Session 3
Palaeontology, dig site simulation – Practical
Activity; John Mignone
Rock drilling bits, reverse air circulation
drilling – Practical Activity; John Mignone

15 min break
2.45–4.00 pm

Session 4
Sea floor topography, practical -profile, 3d
map and satellite image interpretation;
John Mignone
T Shirt presentation

DAY 2

South Australia Drill Core Reference Library
(Please bring your own laptop, if you have one)

9–10.30 am

Session 1
Relative Age Dating & Cross Cutting Events in
rocks – Lecture; John Mignone
Cross-cutting Events visible in Rocks – Practical
Activity; John Mignone

15 min break
10.45–12.15 pm

Session 2
Age Dating using Fossils – Lecture
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PHYSICAL OCEANOGRAPHY
What Happens To Sound In Water?

Various ways have been used to reveal this
part of planet earth, including dropping a
lead weight attached to a rope which had
knots tied at fixed intervals and recording
these depths on charts.
As you can imagine, this was a slow and
limiting way of getting a good ‘picture’ of
the sea floor.
A better method was found which bounced
sound waves from a boat, off the sea
floor and back up to the boat, called Echo
Sounding.
The question for you is, can sound travel
through water?
Do the following experiments to find the
answer.

If possible work with another student.
Have your partner hold one end of the rope and
you hold the other end, stretch the rope so that
there is a little sag in the middle. Now flick your
end and see what happens to the flick.
Questions
1.

Describe what happens, especially when the
flick reaches your partner’s hand? Answer,
including a diagram.
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................

Part B.
Have your partner hold the comb at the bottom
of a bucket of water and there, flick the comb
teeth with their thumb.
Observation
With your ear close to the water surface decide if
you can hear any sounds.

Materials Needed
•

Four metre length of rope

•

Bucket or sink with 25 cm of water

•

A comb or two coins

Department for Energy and Mining
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The shape of the sea floor has been a
mystery to humans for a long time.

PHYSICAL OCEANOGRAPHY

Introduction

What to do
Part A.

9

Earth and Environmental Science Summer School Course Handbook

Conclusions

Problems

1.

Echo Sounding devices use the following equation
to find water depth:

Can sound travel through water?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

2.

What carries sound to your ear?

EXPERIMENT

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
3.

Where Depth to the sea floor is half of the Time
between sending the sound pulse and recieving
it back after it bounces off the sea floor, multiplied
by the Velocity of sound in water i.e. 1,500 metres
per second. Show all your working out steps in your
answer.
5.

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
4.

Why does sound from a ship echo back to the
ship?

If a sound pulse echoes back 4 seconds after
it is sent from the ship, how deep down is the
sea floor?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

How is sound carried in air?

Answer: .......................................................................................
...........................................................................................................
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Depth =½ (Echo Time x Velocity)

6.

If the echo return time is 6 seconds, how deep
is the sea floor?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

PHYSICAL OCEANOGRAPHY

Find definitions of the following sea-floor features:
A Continental Shelf .......................................................................
.....................................................................................................................

E Abyssal Plains ................................................................................
......................................................................................................................

B Continental Slope .....................................................................
.....................................................................................................................

F Mid-Ocean Ridge ........................................................................
......................................................................................................................

C Deep Sea Trench ........................................................................
.....................................................................................................................

G Ooze ...................................................................................................
......................................................................................................................

D Sea Mount .....................................................................................
.....................................................................................................................

Activity
Use the names you defined in your research to
label the sections of the sea floor shown below.
Identify X and Y with the correct names.

PHYSICAL OCEANOGRAPHY

The Sea Floor

Sea Level

b

y

d

c

e

f

x

Sea Floor Cross Section

Department for Energy and Mining
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OCEANOGRAPHY
Sea Floor Topography By ‘The Depth Sounding Method’

Introduction
This experiment is divided into three parts.

EXPERIMENT

It is important you obtain a teacher check
at the end of each part!
Try to resist the temptation of looking at
the picture of the Sea Floor Model box
opened up. This is a challenge to see how
accurately your remote sensing method
is at predicting the sea floor topographic
features.

Part B.
Three dimensional shape of the sea floor, also
known as Topography.
A three dimensional view of the sea floor can be
made by two methods.
Method 1 - Contouring
1.

Teacher Check

Part A.

2.

Traversing
This activity applies only if your teacher has a sea
floor model to work with.

OCEANOGRAPHY

The Master Chart showing all the spot
depths taken over the sea floor model can be
contoured at one centimetre intervals. This is
done by drawing a line which show all depths
of one centimetre across the master chart.

a.

Find a partner, obtain a floor model.

b.

If in a classroom of students, do two
depth traverses. Record the spot depths in
centimetres, using the dip stick and record
these depth measurements on the Master
Bathymetry Chart.

c.

d.

Similarly, draw a line joining all values of the
2 cm intervals, the 3 cm intervals and so on
until all the depths are contoured.			
Teacher Check

3.

In different colours, shade in the zones
between 0-1, 1-3, 3-5, 5-7, 7-9 and so on. 		
Teacher Check

4.

Identify and label the following submarine
provinces and features:

If on your own, find the spot depths already
recorded across another model. Choose one
traverse to construct a profile of the sea floor
on the graph sheet supplied.

•

Ocean Ridge

•

Abyssal Plains

•

Abyssal Hills

Name the features in the profile section.

•

Guyot

•

Continental Shelf

•

Continental Slope

•

Continental Rise

•

Deep Sea Trench

•

Transform Faults

If you have no model to depth sound, do Part B.

Teacher Check
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Using Microsoft Excel Spreadsheets:

Activity

5.

Enter the field values taken with geophysical
equipment at each grid station

Identify and Label the following submarine
provinces and features:

6.

Click on (INSERT)

•

Ocean Ridge

7.

Click on (AREA)

•

Abyssal Plains

8.

Click on (ALL CHART TYPES)

•

Abyssal Hills

9.

Click on (SURFACE)

•

Guyot

10. Choose (the 3D graph Icon)

•

Continental Shelf

11. Click (OK)

•

Continental Slope

12. The 3D graph of the field measurements
should appear on screen

•

Continental Rise

•

Deep Sea Trench

•

Transform Faults

To rotate the graphs
13. Click on the chart to highlight it

Teacher Check

14. Click on (CHART TOOLS)
15. (DESIGN)
16. (LAYOUT)

EXPERIMENT

Method 2 - 3D Graphing Software

17. (3D ROTATION)
18. Choose which rotation axes to view the graph
i.e. X, Y or Z

Figure 1. Dip Stick for
measuring spot-depths in
centimeters at grid holes over
the sea-floor model.

Department for Energy and Mining
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Spot Depths Master Bathymetry Chart of the Sea Floor Model
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Position Along Traverse

EXPERIMENT

Traverse No.

Sea-floor Model Topographic Features For Checking With 3Dimensional Graph Interpretations

EXPERIMENT

Hint: You will need to first cut out these sea floor jig-saw puzzle pieces and fit them together.

Department for Energy and Mining
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Name: .........................................................
Field Type Sensed: Depth

Location: Atlantis
Units: Metres 		
0

100

Instrument used: Echo Sounder
Sample Point Distance:

EXPERIMENT

Data Log No. ( )
Scale: Regional		

Identify and mark on your printed 3D graph all the sea floor provinces and features.

Repeat what you did with the 3D graphing but this time plot the Atlantis Echo Sounding Data on the chart
below.

Part C - Atlantis

200 (km)

OCEANOGRAPHY

4.

Answer: ......................................................................................
..........................................................................................................
5.

Problems
1.

Study the satellite images on pages 20 to
22 of the Southern Ocean, and label the
following features:
Mid Ocean Ridge
Continental Shelf
Continental Rise
Abyssal Plains
Deep Sea Trench
Abyssal Hills

2.

Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
3.

Half-way between Australia and Antarctica
there is a linear feature along the sea-floor
which runs East-West. It is cut across North–
South, by linear features in a number of
locations. The East-West feature is coloured
a paler blue than the surrounding ocean
floor. Use a pen to outline this feature on the
satellite image.

Explain why the following features have been
observed about this East-West feature using
rock samples, taken from Australia through to
Antarctica, by drilling the sea-floor at regular
intervals, at location A, B, C, D, etc. These
samples have been age dated, using the
radioactive decay rate of Uranium 237. The
ages of Basaltic rocks under the muddy oozes
at the following locations were found to be:
A =61 million years, B= 55 my, C= 42my,
D=15my, E=2my, F=1.5my, G=18my,
H=45my, I=54my, J=62my
Note: these values are a simulation for the
purpose of this exercise.

The satellite image of the Southern Ocean,
shows the Australian and Antarctic continent
coastlines. Why is the continental crust above
water and ocean crust covered by the ocean?
Hint: Sea-floor rock is mostly made of Basalt and
has a density of 2.7gm/cc.

Is this feature shallower or deeper than the
surrounding ocean?

Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
6.

Write these ages in the boxes next to each
location on the satellite image. Is there a
pattern?
Explain: .......................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................

INVESTIGATION

Study the sea-floor features on the satellite
images. These have formed by various
natural processes. Your challenge is to
propose your theory on how these features
have been formed.

OCEANOGRAPHY

Using Satellite Images

The East –West feature has a heat flow
approximately five times more than the
surrounding sea-floor rock, with a rift valley
along the crest. It rises in height above the flat
plains, an average of a thousand metres or more.
It is a feature with lots of volcanic (red dots) and
seismic (yellow dots) activity.

Department for Energy and Mining
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7.

Sediment thickness and age range increases
in mirror image symmetry to the north and
south of the East-West feature. How can all
these observations be explained in one model
with respect to the location of the continents
to the north and south?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................

8.

What name would you assign to this feature?
Answer: ......................................................................................

9.

Is your theory supported by the shape of the
continental coastlines of Southern Australia
and Antarctica?
Answer: ......................................................................................
..........................................................................................................

INVESTIGATION

10. The East-West, mid-ocean linear feature, is cut
across by North-South lines. You will notice
that they displace the East-West feature into
a zig zag pattern and are seismically active
(yellow dots) only between the crests and
along the crests. Why is there hardly any
seismic activity outside of the East-West
feature?
Answer:........................................................................................
..........................................................................................................
..........................................................................................................
11. What name can you give these North-South
features?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
12. The volcanic activity distribution is slightly
different. Explain what difference you notice
to the seismic pattern and explain why you
think this is so?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
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13. Look at the sea-floor image of the Western
Pacific. It has a dark blue region along the offshore area from the Aleutian Islands of Alaska,
pass Japan and the Philippines.
What do you think this is and how has it
formed?
Hint: The Earthquake focus depths increase as
one goes from the eastern coastlines to the west
for Japan, the Philippines and to the north for
Alaska’s Aleutian Islands.
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
14. The image of South America shows some
of the Tectonic effects (also known as earth
shaping effects) which Mid-Ocean Ridges have
on the continents.
Explain how the following are formed through
plate tectonics. The dark deep-sea trench,
fold mountains of the Andes, seismic activity
pattern, and volcanic peaks, appearing from
the North down to Tierra Del Fuego or (Land
of Fires), in the southern tip of South America?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
15. Study the image of the Indian Ocean seafloor. Find the pale blue sea-floor feature,
highlighted by the orange dotted line, which
extends from the Southern Ocean to the Gulf
of Aden, between Africa and Arabia.
Explain how this feature could have formed
the Gulf of Aden and the Himalayas?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................

Southern Ocean
East-West sea-floor
feature

A
B
C
D
E
F
G
H
I
J

Southern Ocean

INVESTIGATION

Sea-floor Close up

Department for Energy and Mining
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Western Pacific sea-floor

Earthquake depths increase in westerly direction

INVESTIGATION

Chilean Trench & The Andes Mountains

21

Earthquake depth
increases in an easterly
direction under the Andes

INVESTIGATION

Indian Ocean sea-floor

Department for Energy and Mining
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OCEANOGRAPHY
AC TIVIT Y

How To Make A Sea Floor Spreading Model
You will need

Questions

•

1.

A copy of the sheet showing the four strips of
sea floor labelled END A, B, C, D.

What to do
1.

Cut the strips along the dotted lines and tape
the ends labelled End ‘A’ and End ‘B’ together,
with the images facing each other, to make a
pair.

2.

Do the same for the second pair of strips.

3.

Find a cardboard box which is at least 20cm
square and cut slots in the lid as shown in the
diagram.

OCEANOGRAPHY

4.

Punch holes in the middle of the box sides
with a pencil and slide either a chop stick or
metal wire coat hanger shaped with a crank
handle at one end.

5.

Feed the ends labelled A and B into the slots
and tape to the Chop Stick.

6.

Wind the strips onto the chop stick axle and
tape the ends along C and C and D and D as in
the photo.

7.

To observe the sea floor spreading simulation
process, slowly pull on the ends of paper
strips, keeping the paper flat to the box
surface. You can rewind the chop stick to start
again.

Identify the mid Ocean ridge, Transform Faults
(why are they called by this name), spread
centres and, Older and newer sea floor, and
seismically active zones?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................

Sea floor spreading model
END C
Box Lid

END D

END D

Slots 1cm wide
and thin
Tape ends
together
Sea floor spreading
sheets
Card
board
box

END A

END A

Tape to hanger

Winder made
from coat hanger
wire bent into a
crank handle

Figure 2. Sea floor spreading model
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END ‘D’

END ‘C’

END ‘D’

END ‘A’

AC TIVIT Y

END ‘C’

END ‘B’

END ‘A’

END ‘B’

Department for Energy and Mining
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OCEANOGRAPHY

Introduction
these brown rocks, in a coastal location
known as Hallett Cove in South Australia,
experienced glaciers moving over them
too.

The brown rock surface shown in the
photograph below, is scratched and pockmarked. This is similar to rock formations
in other locations around the earth
today, which are experiencing glaciers
grinding over them. 270,000,000 years ago

Glaciers form during the earth’s colder
spells and their melting during warmer
times changes the amount of liquid water
draining into the oceans. These changes in
our climate are long term and not the same
as day to day or even seasonal weather
changes.

INVESTIGATION

There is evidence of the earth experiencing
very cold spells in the past, causing
extensive glaciation. At the moment the
earth is in a warmer spell.

OCEANOGRAPHY

Climate Change And Sea-Level?

In this investigation you will calculate
changes in sea level during and between
glacial advances of ice ages.

Department for Energy and Mining
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Materials Needed
Tracing paper, a contour map of Australia and
surrounding oceans, and a pencil.
What to do
1.

If all present day glaciers melted, predict what
would happen to the global sea level?

4.

Answer: .......................................................................................
...........................................................................................................
2.

Given that present day glaciers cover an area
of 15,500,000 square km with an average
thickness of one Km, calculate the volume of
liquid formed if they all melted?
Answer: .......................................................................................
...........................................................................................................

3.

Now adjust your calculation of water volume
formed, because water shrinks to 91% of the
ice volume when it melts.

INVESTIGATION

Answer: .......................................................................................
...........................................................................................................

Figure 3. Topographic Map of Australia.
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If present day oceans cover an area of
360,000,000 square Km, use this to calculate
the increased depth of water produced during
melting of glaciers.
Answer: .......................................................................................
...........................................................................................................

5.

Draw the new coastline of Australia on the
image of Australia using the topography
legend along the bottom.

OCEANOGRAPHY

Introduction
On the timescale of a human’s life, weather
and climate are difficult to distinguish, due
to the changes of temperature and rainfall
from day to day, and our seasons all mixed
in together.

So how could we separate these factors from
changes in climate, where climate is a much longer
term effect?
1.

Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................

Polar Ice is a significant store of water in a solid
form for our planet. It is one indicator of long term
climate conditions. For example, ice in the form
of glaciers leaves scratch marks on rocks which
it slides over, indicating their occurrence, even
after the ice disappears. Such glaciation periods
have left evidence found on rocks at various times
throughout the earth’s history. It follows that
between these ice age periods, warm spells have
occurred, such as during the age of dinosaurs.
Evidence for the latter has been in the form of
fossilised tropical vegetation, in arctic regions today.

INVESTIGATION

Image A

OCEANOGRAPHY

How Permanent Is Sea Level?

Image B

DID YOU
KNOW?

The Nor
cap floath Pole ice
North S ts on the
ea wate
r
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2.

Your observations: ................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

Study the two images on page 27, taken from
earth orbiting satellites at different times of
the year, and decide which was taken during
summer and which was taken during winter?
Answer: .......................................................................................
...........................................................................................................

3.

Design and carry out a laboratory scale
experiment to see what happens to the
volume of water when it freezes, and what
happens when it melts.

7.

My experiment: .....................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................

Answer:.........................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

Results observed: .................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................

INVESTIGATION

4.

What would the effect of seasonal North Polar
Ice melting be on sea level?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................

5.

The ice is the white area on the Greenland
continent. Research whether the Antarctic or
Southern ice cap rests on continent or ocean?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

6.

Devise an experiment to simulate this
situation and report your findings on the
effect this has on sea level change, and what
happens to the continent as the ice load melts
from it?
Describe your experiment: .............................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
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If global warming melts both polar ice caps
will this result in a sea level rise, fall, or not
change? Explain Why.

8.

Given that present day glaciers cover an area
of approximately 15,000,000 square km with
an average thickness close to 1km, calculate
the total volume of ice on planet earth.
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

9 (a) Present day oceans cover an area of
360,000, 000 square Km. The specific gravity of
ice is 0.91. This means that water occupies a
volume of 0.91 x the volume of ice from which
it melted. Calculate how much sea level would
change if all these glaciers melted?
Answer: .......................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................

Answer:........................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
10.

What are some of the effects this would have
about where we live, grow food crops and so
on?
Answer: ....................................................................................
.......................................................................................................
.......................................................................................................
.......................................................................................................
.......................................................................................................

11(a) If a continent is covered in glacial ice
averaging 500 meters thickness, describe
what you think would happen to the
continent when the ice melts? (This is known
as Isostacy)
If unsure design a simple experiment to
observe this phenomenon similar to the
picture below, to make your observations
with.
Answer: ...................................................................................
......................................................................................................
......................................................................................................
11(b) How would this affect the coastline?
Answer: ..................................................................................
......................................................................................................
......................................................................................................
......................................................................................................

INVESTIGATION

9 (b) Should you separate the area occupied by
sea-ice from your calculations?

Figure 4. Example showing isostacy with ice and a block of 		
wood.
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OCEANOGRAPHY
AC TIVIT Y

Tsunamis, Waves And Water Depth

Activity 1

What to do
1.

Mark depths of 1, 2, 3, 4, 5, 6, 7 centimetres on
the inside of the tank, starting with number 1
from the bottom.

2.

Fill the tank with water to the depth mark of 1
centimetre, which we will call d.

3.

Practice making a single wave pulse by
dipping a paddle in the water at one end of
the tank then pushing forward and lifting the
paddle out.

4.

If you need to repeat the observation, wait
until the water is still before making another
wave.

5.

Measure the length of the tank in metres.

6.

To measure how fast the wave is moving, i.e.
the speed which we call C, measure the time
it takes to travel several lengths of the tank.

To discover the relationship between wave speed
and water depth.

7.

Record this information in the table grid on
the next page.

You will need

8.

Repeat this process 3 times for each new
depth of water from 1 to 7 cm depth and
calculate the average time taken for each
depth.

What happens to the speed of waves as
water becomes deeper?
Have a look at YouTube videos of surfers
riding waves and see what happens to
the wave speed as the water becomes
shallower on its way into shore.

Activity 2

OCEANOGRAPHY

Find videos of tsunami waves washing
ashore from the deep ocean and see what
happens to the water speed as they come
inland passed the normal shoreline.

30

Experiment 1

•

A tank; either an aquarium (the longer the
better) or plastic gutter from a hardware store
will do (see photo). The grate on top should
be removed for the experiment and plastic
ends should also be purchased and fitted
before water is added to the gutter for the
experiment.

•

Tape measure

•

Stop watch

•

Wax pencil or crayon

•

A paddle for wave making i.e. a piece of board
slightly narrower than the aquarium or gutter.

•

Two sheets of paper, fold each over a number
of times to make wedges to fit under the
wave tank end in order to raise one end.

Using the average time for each depth,
calculate the wave speed and enter it in the
table’s speed column.

Note: The paddle makes a displacing force
and g, gravity, tries to restore the water level
by making the wave crest fall.

i.e. speed = distance 				

Note: all values of d must be converted to
metres before substituting into √g×d.
Plot √g×d against the corresponding values of
‘d’ on the same graph sheet and draw a line to
best fit.

time
10. Plot the values of speed against depth on the
graph paper page 33 and answer Question 3.
11. Complete the last column of the table grid,
by calculating the values of √ g×d at each
depth d. The g value is 9.8 m/sec², which is the
acceleration caused by gravity.

Depth ‘d’ in
centimetres

Distance
wave travels
in metres

1 cm
Average

2 cm
Average

3 cm
Average

4 cm
Average

5 cm
Average

6 cm
Average

7 cm
Average

12. Answer questions 4 and 5 page 32.
13. This is experimental proof that C=√g×d. In
words, this equation states that ‘waves feel the
bottom of the sea floor more, as the depth
decreases and this friction slows them down’.

Time in
seconds

Speed ‘C’ m/
sec

AC TIVIT Y

9.

√g×d

1.
2.
3.
Average
1.
2.
3.
Average
1.
2.
3.
Average
1.
2.
3.
Average
1.
2.
3.
Average
1.
2.
3.
Average
1.
2.
3.
Average

Department for Energy and Mining
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AC TIVIT Y

Brain-Buster
1.

What happens to the wave when it
reaches the end wall of the tank?
Answer: ............................................................................
................................................................................................
................................................................................................

2.

Why repeat the measurements for speed
3 times for each depth of water?
Answer: ............................................................................
................................................................................................
................................................................................................

3.

4.

5.

Answer: (INCREASES/DECREASES)
8.

What happens to the height of the wave
as it approaches the shallow end?
Complete the second law:
‘As water waves travel progressively
into shallower water they ................................

Answer: ............................................................................
................................................................................................
................................................................................................

(decrease in height/increase in height)
because they still have the same
amount of .....................................................................

What do you notice about the values of C
the speed, and √ g×d?

What do you notice about the graph for
speed C and √ g×d?
Answer: ............................................................................
................................................................................................
................................................................................................

6.

Test your idea by tilting the wave tank
- place a wedge of folded paper, thick
enough to leave a very shallow wedge
of water at one end. Complete the
first law: ‘As water waves travel into
progressively shallower water the
distance between the crests:

As water depth increases what happens
to wave speed?

Answer: ............................................................................
................................................................................................
................................................................................................

It can also be proven experimentally that

c = f × λ where f = number of waves

passing an observation point each

second and λ = length of one wave.

So f × λ =√g×d
What would happen to the wavelength
if water depth decreases assuming wave
frequency and gravity stay constant?
Answer: ............................................................................
................................................................................................
................................................................................................
................................................................................................
................................................................................................
................................................................................................

32

7.

(KINETIC ENERGY/POTENTIAL ENERGY).
................................................................................................
9.

Complete the third law: ‘As water waves
travel progressively into shallower
water the waves .......................................................
(SPEED UP/SLOW DOWN)..................................
because of friction with the sea floor’.

10. Use your new knowledge to explain what
happens to tsunami waves as they move
from deep water to the coastal shallows.
Answer: ............................................................................
................................................................................................
................................................................................................
11. What advice would you give to coastal
communities following a strong off-shore
earthquake of magnitude 8.5 on the
Richter scale?
Answer: ............................................................................
................................................................................................
................................................................................................

✓

12. Would there be just one wave or more
coming in-shore?
Answer: ............................................................................

Use the relationship described by the equation
C = √g×d to calculate the depth of water and try
contouring the sea floor area being observed.

2.

Would this help to recognise the presence of
underwater reefs and possible fishing spots or
safety hazards to surfing?

When tsunami waves first approach a beach,
they sometimes appear to leave the beach
dry, i.e. the water seems to disappear out from
the beach off shore which can leave curious
paddlers in a dangerous place. Why does this
happen?

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

1.

c = √ g×d

Questions

AC TIVIT Y

Contemplation at the beach – super-field work
extension!!!

Depth of water

Department for Energy and Mining
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OCEANOGRAPHY
How Do Waves Shape Coastlines?

Introduction

OCEANOGRAPHY

EXPERIMENT

In this experiment you will unravel the
mysteries of how coastline features such as
headlands, sandy beaches and bays form
over time.

34

Questions
1.

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
2.

You will need
•

A flat bottom container such as a plastic
storage box or a cooking tray, to put some
water into, which we will call ‘The wave tank’.
Minimum size 30 x 50 cm.

•

Half a bucket of dry sand.

•

A rectangular piece of plastic, plywood or
old ruler for a wave maker paddle, slightly
narrower than the wave tank.

•

An old ceramic tile approximately 10 x 10 cm.

•

A couple of tablespoons full of a different
coloured sand or food colouring dye.

•

A handful of gravel.

What to do
•

Place the ceramic tile in the middle of the
wave tank.

•

Add enough water to the wave tank to just
cover the tile and then remove the tile.

•

Make small waves with the paddle and
observe their shape and movement across
the wave tank.

Describe what you see the waves do.

Place the tile in the middle of the tank, with
one side square on to the waves. Describe
what happens to the wave front in shallower
water (over the tile surface) and deeper water
(at the sides of the tile)?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

3.

What happens to the wavelength of waves
passing over the tile compared to the deeper
water? Note: wavelength is the distance from
one wave crest to the next wave crest.
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

4.

Turn the tile to approximately 45º from
the incoming wavefronts and describe the
changes to the wave pattern by drawing them
on the diagram? This is called refraction.
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
Remove the tile and build shorelines with
sand as shown in the diagrams below at each
shore shape. Draw the wave front patterns on
the corresponding diagrams.
Which shoreline makes waves converge the
wave energy and which one spreads it out?

EXPERIMENT

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
Can you think of how this results in sand
deposition to form a sandy beach or erosion,
to form a rocky coast with no sandy beach?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

Brain Buster Challenge
Waves move sand on the beach in a variety of ways. You can study these by pushing
small waves into sandy shorelines parallel to the coast and then at an angle.
The movement of the beach sand can be
tracked using a small amount of the different
coloured sand or a couple of drops of food
colouring dropped on the beach in the wave
zone. This is known as ‘littoral drift’.
Repeat your experiment for each coastline
shape below:
•

A straight coastline

•

A shoreline with an offshore gravel
breakwater parallel to the shore

•

A shoreline with a groyne i.e. a wall of gravel coming out from the shore either straight out
or at an angle.

Department for Energy and Mining
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OCEANOGRAPHY
AC TIVIT Y

Coastal Processes
Part A.

What name can you give this feature?

Below the waves

Answer: Submarine ............................................................

1.

OCEANOGRAPHY

2.

The satellite image of the West Australian
coast shows the continental shelf offshore
from Perth. Study the image, with a focus on
where the continental shelf edge goes. Using
a pen, trace the continental shelf edge from
north to south, on the image.
Perpendicular to the coastline and the Shelf
edge, you will notice a darker coloured feature
going into deeper water. Explain whether this
feature is related to the onshore geographic
features, and explain whether it is formed
by erosion or structural processes of earth
movements. i.e. faulting during earthquakes?
Answer: .......................................................................................
...........................................................................................................

Western Australia Coast

3.

Use the scale on the bottom right-side of the
image to estimate the width and length of this
feature.
Answer: ......................................................................................

4.

Using Google Earth, compare these
dimensions with the Grand Canyon in the USA
and report your comparison.
Answer: .......................................................................................

Brain-Busters
Question

100km
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✓

Submarine telephone cables on the
sea floor, across this feature, have been
snapped after earthquakes in the region.
Why would this happen?

Part B.
With the waves

AC TIVIT Y

In this investigation you will use the satellite photos
of various coastal locations in South Australia
pages 38 to 41 to understand what waves do with
sediments.
In each case draw a line to show a set of wave
fronts coming into shore.
Then draw equally spaced lines perpendicular to
the wave fronts to represent wave energy, starting
from the deeper offshore waters all the way into
the beach. Wave energy is the ability of water to
transport sediment particles such as sand.
Questions
1.

Describe what happens to wave energy as
they approach embayments?

5.

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
2.

3.

6.

7.

What happens when an obstacle is placed in
the way of the drift, such as a rock wall (known
as a groyne)?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

What are the two main sources of sediment
supply?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

This is called littoral drift, what effect does it
have on the sand movement?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

Explain why in terms of energy?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

4.

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

Does this form rocky beaches or sandy ones?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

Describe the pattern of waves coming into
shore at an angle and the direction of their
back wash?

8.

What happens when there is an offshore reef
parallel to the coast and why?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
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AC TIVIT Y

Sand Spit

Offshore Artificial Reef

Coastal Wave Patterns

38

AC TIVIT Y

Coastal Wave Patterns

Embayment Waves

Creeks Meet Coast

Department for Energy and Mining
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AC TIVIT Y

Patawalonga Entrance

Headland

Embayment

40

AC TIVIT Y

Littoral Drift

Multiple Headlands and
Offshore Reefs

West Beach Boat Ramp
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OCEANOGRAPHY
The Coriolis Effect

EXPERIMENT

Introduction
We only see the net result of several forces
acting on an object. For example, Fridtjof
Nansen noted that when the wind was
blowing from his back, floating ice didn’t
only move away from him, but also moved
to his right. This suggests another force, in
addition to the wind, was acting on the ice.

x

y

Materials Needed

z

A model of the earth, scissors, 3 sheets of blank
paper and a pen.

Figure 5. Question 1 diagram.

You will need to work in pairs.
What to do

2.

Answer:.........................................................................................
...........................................................................................................

OCEANOGRAPHY

Rotate the globe so that the equator moves to the
east.

Why: ..............................................................................................
...........................................................................................................

Questions
1.

Viewed from the south pole does the globe
rotate clockwise or anticlockwise?

3.

Place the paper flat on the table, press your
finger on the centre and rotate the paper in
the direction the globe moved in Q. 1.

Which would move faster on the earth’s
surface, a place at the pole or the equator?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

Answer: .......................................................................................
...........................................................................................................
Next: Now cut a circle from a sheet of paper
and mark a line from the centre to the edge.
Mark points x, y & z on the line at equal
intervals as in the diagram.

Where does the disc rotate fastest, x, y or z?

4.

Given that the earth’s diameter is 12,757 km,
and its circumference can be found with

Circumference = Diameter × π
Calculate the speed at which a point at the
equator on the earth’s surface moves through
space, during one rotation of the earth (i.e. 24
hours).
Answer:........................................................................................
...........................................................................................................
...........................................................................................................
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Repeat the clockwise rotation of the circular
paper with finger on x and have your partner
draw a line with a pen from z to x during the
rotation.
Was the line straight or curved? Why?
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................

6.

Did the line bend to the left or right?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

7.

Did the line bend the same all the way or
more at the start or end?
Answer:.........................................................................................
...........................................................................................................

8.

What is your conclusion about an object’s
path, such as an iceberg at the South Pole,
blown by a north bound wind toward the
equator?

11. Air heats up most at the equator and rises
because it becomes lighter. Colder air is drawn
in from the south and north of the equator to
replace the rising air. This moving air over the
ocean water, pushes the surface water toward
the equator, but the Coriolis Effect changes its
straight line path causing upwelling along the
west coast of South America. The moving air,
known as ‘The wind’, makes waves and surface
currents on the earth’s oceans.
Explain how this happens and why nutrients
from deep down are brought up as rich feed
for the ocean food chain?
Answer .........................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

Answer .........................................................................................
...........................................................................................................
...........................................................................................................

EXPERIMENT

5.

This is known as THE CORIOLIS EFFECT.
9.

Assuming the ice didn’t melt as it travelled to
the equator, where would the Coriolis effect
be greatest?
Answer..........................................................................................
...........................................................................................................
...........................................................................................................

10. Describe the path for ice travelling to the
equator from the North pole?
Answer..........................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
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OCEANOGRAPHY
Sea-Floor Currents

Introduction

OCEANOGRAPHY

EXPERIMENT

During the 20th century it was noticed
on several occasions that telephone
and telegraph communications to
other continents were interrupted, after
earthquakes.

44

Currents on the way down the continental
edge carve large canyons and snap cables
which have been laid across the canyon
floor.

East Coast, USA.

Part A.
What to do
Study the two satellite images of the East coast of
USA and identify the features which you think are
significant?

Questions
1. Identify and mark on the image of the Alaskan
coastline, the following features:
•
Present day coastline

5.

The water saturated sedimentary deltas
would be on a sloping surface at the edge
of the continental shelf. What do you think
would happen during an earthquake to these
sediments?

•

Rivers feeding into the ocean

•

Continental shelf edge

•

Sedimentary fans or deltas

•

Submarine Canyons

2.

Apart from water, what else do rivers bring to
the ocean from the land?

If telecommunication cables between
continents were laid across the canyon,
describe what may have happened to them
during an earthquake, which resulted in
communications blackout?

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

3.

Do the rivers on the land line up directly with
the sediment deposits and canyons?

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
6.

7.

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
4.

Do the rivers on the land and sedimentary
deltas on the sea floor line up with the
canyon?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

EXPERIMENT

Alaska, USA.

Use the information given below to
calculate the speed of the sea floor currents
likely to have affected intercontinental
communications:

Speed = (Distance travelled in
Km) / (Time Taken in Hours)
•
•
•
•
•

At the continental shelf edge Distance = 0 km
& time = 0 Hrs
300 km down the canyon time = 60 minutes
At 500 km time = 3hrs
At 720 km time = 9hrs
At 900 km time = 14 hrs

Department for Energy and Mining
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Introduction

EXPERIMENT

The aim of this experiment is to understand
the relationship between speed and
density of a water current.

Equipment Needed

Questions

•

Distilled water (best if refridgerated)

1.

•

A sheet of graph paper (see page 47)

Measure these distances and plot them on a
Distance vs Time graph provided on page 47.

•

A glass or plastic tube at least 3 cm diameter
and 2 m long

2.

What does the graph tell you about speed of
the current as time passes?

•

A rubber stopper for one end

•

A stopwatch

•

Clinometer, protractor or geoliner

•

1 cup of each of clay powder, sand and salt

•

Food colouring

•

A tape measure

•

Wax pencil or temporary maker pen

•

Funnel

•

A retort stand

What to do
Plug the bottom end of the long tube and clamp
the other end in the retort stand.
Fill this tube with warm tap water until it is 10 cm
from the top end.
Prepare mixture # 1 by stirring a teaspoon each of
clay, sand and salt with 1 cup of cold distilled water.
Add a few drops of food colouring and stir
thoroughly. Pour down the funnel into the long
tube.
With the wax pencil or temporary marker pen, mark
the position of the front of this turbidity current on
the long tube, at 5 second intervals.

46

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
3.

Explain why this speed pattern happens?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

4.

Describe any pattern which the sediment
forms on the floor of the long tube?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

5.

Compare the speed of the current measured
off the coast of USA with those of your
experiment. Can you account for any
differences?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

EXPERIMENT
Department for Energy and Mining
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2.0
ASTRONOMY

Department of Energy and Minerals 49

ASTRONOMY - INTER-PLANETARY GEOLOGY

Introduction
In this investigation you will study the
moon’s surface features, their relative
age, and how they may have formed. You
will also do some experiments and make
observations to discover how craters form.

3.

Using a funnel or cone made of paper, add the
mixture to a dry, clear plastic bottle, to a depth
of about 5 centimetres.

4.

Drop a ball bearing onto the flat surface of the
powder and observe the effect. To repeat the
experiment, you could use a strong magnet to
retrieve the ball bearing.

5.

Explain what you saw and include a diagram
or photo of the crater formed.

Part A.

ASTRONOMY

The Moon

Experiment A
Devise an experiment to observe what
happens when drops of water fall from a
height onto still water. What is the effect on
the still water‘s surface? A diagram may help
explain your observations.

Answer: .......................................................................................
...........................................................................................................
..........................................................................................................
6.

Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
Experiment B
2.

For this experiment you will need to wear a
dust mask and find half a cup of dry cement
powder, fine sand and an equal amount
of talcum powder, which you should mix
carefully together. Be careful not to breath in
any dust.

Part B.
Study the larger craters in the photos on
the following pages, some of which are of
events on the earth and others on the moon.
Explain how each of these craters may have
formed and include reasons to support your
hypothesis.
Note: Mount St Helens and Mount Schank are
volcanic craters. Explain any difference you can
observe from the meteorite craters.

INVESTIGATION

1.

Answer: .......................................................................................
...........................................................................................................
..........................................................................................................
..........................................................................................................
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ENCKE

Figure 6. Lunar Orbiter photo of ENCKE Crater in the Kapler Region of the Moon - Courtesy of NASA.
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Full Moon

MARE IMBRIUM

COPERNICUS

Unnamed

INVESTIGATION

Figure 7. Lunar Orbiter photo - Courtesy of NASA.

Barringer Crater

Figure 8. Courtesy of Shane Torgerson.
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Mount Shank

Figure 9.

Mount St Helens - Department for Energy and Mining, South Australia.

INVESTIGATION

Mount St Helens

Figure 10.
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Mount St Helens 1980 - John Mignone.

Is there any evidence of faulting in the craters?
If so, describe their shape and how they may
have formed.
Answer: .......................................................................................
..........................................................................................................

8.

The left hand side of Encke has a small crater
on its rim. Did that form before or after the
formation of Encke? Give reasons.
Answer: .......................................................................................
..........................................................................................................
..........................................................................................................

9.

The photo of the full moon has a feature
named Copernicus, explain what you think
the white streaks radiating out from the centre
might be and how they were formed.
Answer: .......................................................................................
..........................................................................................................
..........................................................................................................

10. Why do you think that impact craters formed
on earth do not show these radiating features
as on the moon?
Answer: .......................................................................................
..........................................................................................................
..........................................................................................................
11. Give the unnamed crater a name.
Answer: ......................................................................................

13. Trace with a pencil the outline of as many
craters as you can spot and identify which is
the biggest?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
14. If the moon’s diameter is approximately
3500 km. Use this to calculate the size of the
largest crater which you identified. Show
you’re calculation steps.
Answer:........................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
15. Calculate the length in km of the longest
white streak from the unknown crater. Show
your calculation steps.
Answer:........................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................

12. Give your theory as to the relative age of
this unnamed crater, compared to the
surrounding features of dark flat regions
known as Mare or seas and the more raised
surfaces which are generally cratered.
Answer: .......................................................................................
...........................................................................................................
..........................................................................................................
..........................................................................................................
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ASTRONOMY - INTER-PLANETARY GEOLOGY

ASTRONOMY

‘The Changing Moon’

Introduction
The moon in our evening sky seems to
change position, shape and size over a
period of weeks.
At its thinnest sliver of glow, it’s referred
to as a ‘new moon’, then over a number of
evenings it glows as a full disc, referred to
as a ‘full moon’.

INVESTIGATION

Your challenge is to start your observations
at the new moon phase, and observe it
each night at a similar time, preferably
with binoculars or telescope if available,
and record the shape and position of the
glowing portion of the moon on the chart
provided.

Questions
1.

As the moon increases in fullness, what do you
notice about the time it rises in the sky?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................

2.

How many days passed before you needed
to make your observation in the morning, in
order to be able to see the moon, instead of
the evening?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
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3.

At that change over stage to morning
observations, does the moon increase or
progressively decrease in area of lighting on
its surface?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................

DAY

DATE

SHAPE

TIME

POSITION IN SKY
EAST-WEST

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

INVESTIGATION

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
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ASTRONOMY - ASTRO PHYSICS
How Big Is The Sun?

Introduction

EXPERIMENT

In this experiment you will measure the
diameter of the sun using a pinhole camera,
a ruler with millimeter markings and a
sunny day.
WARNING: Never look at the sun.

What to do

That is:

To make the pinhole camera, find a cardboard or
PVC tube which you should cut to a one metre
length. The example in the photo is a post office
tube used to mail charts.

sun’s diameter : sun’s distance = image diameter :
distance from image to pinhole

Glue a piece of thin cardboard over one end and
poke a small hole no larger than 2 or 3 millimeters
in its centre. This can be done with some wire or a
skewer.

ASTRONOMY

At the other end, glue a sheet of see-through, wax
proof, baking paper, to cover the end completely.
Aim the pinhole end to the sun and move it around
until a clear white dot image of the sun appears
on the transparent paper at the bottom end. If you
have a post or stand to fix the tube to with tape,
that will help to steady the tube.
With your ruler, measure the diameter of the sun’s
image (the bright circle on the wax paper) in
millimeters. Use the equation below, which says
that the ratio of the sun’s diameter to distance
to the sun is the same as the ratio of the image
diameter to length of the pinhole camera tube.

or
sun’ s diameter
distance to sun

=

diameter of image
distance from image to pinhole

Questions
1.

Calculate the sun’s diameter if you’re given
its distance from earth to be 150,000,000 km
(Note: you will need to rearrange the equation
to get the sun’s diameter on its own).
Answer:

sun’ s diameter...................
distance to sun...................

=

diameter of Image..................
distance from image to pinhole................

2.

Research the answer and see how close your
answer is by this simple method compared to
much more complex and expensive methods.

3.

You can use this method to calculate the
moon’s diameter or the height of a building or
tree, but it’s not very effective for stars, why?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
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EXPERIMENT
Figure 11.

Pinhole camera.
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ATMOSPHERE
How Heavy Is Air?

1.

WARNING: This experiment should be done
under the supervision of a responsible
adult, as it involves heating water and
handling hot equipment.

Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................

Equipment Needed
Metal can with a screw top lid

•

Bunsen burner or gas stove

•

Running water in a sink

•

An oven mit or glove for handling hot items

•

Tripod and heat proof mat to protect the
bench top if using a bunsen burner.

What to do
1.

2.

Place a centimetre depth of water in the metal
can. Heat it on the tripod until the water boils.
Steam should be coming out of the hole freely
for approximately 30 seconds.
Screw the cap tightly on the can using the
heat-proof glove. Move the can to the sink and
allow cold water from the tap to run over it
until the can is cold all over. That shouldn’t be
much more than 30 seconds.

Why has this happened?

3.

Why did we need to have steam coming out
of the can opening for 30 seconds?

EXPERIMENT

Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
2.

•

What has happened to the can?

Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
4.

What can you conclude about air and its
weight?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
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ATMOSPHERE
‘Clouds in a Jar’

Introduction

EXPERIMENT

Clouds are an important part of the
weather. Although they seem to magically
appear in the sky and sometimes rain on
the land, there are definite processes which
cause them to form and ‘do their thing’, that
is rain.

Questions
1.

Answer: ......................................................................................
..........................................................................................................
Release the broom-stick and see what
happens to the cloud?

Clouds form or disappear at the Dew Point,
which is a combination of humidity level
and temperature.
In this experiment we are going to see what
happens to air which is compressed and
then explore what happens to moisture
in compressed air and when its allowed to
decompress or expand.

Answer:........................................................................................
.........................................................................................................
If nothing obvious is seen, repeat the process
in a darkened room and this time shine a torch
light onto the glass container from the side.
2.

ASTRONOMY
64

What is happening to the air in the container
when the broomstick is pushed down and
then let go up again?
Answer: ......................................................................................
..........................................................................................................

Equipment needed
A thick-walled glass container, which has an
opening wide enough to push the end of a piece
of broom stick of 20 cm length into two party
balloons, half a cup of hot water, matches and
scissors.

What happens to the cloud inside the
container?

3.

Why do you think the cloud responds to this?
Answer: ......................................................................................
..........................................................................................................

What to do
Part A.
1.

Cut the narrow tube section of the balloons off.

2.

Pour the half cup of hot water into the glass container. Strike a match and drop it into the container.
This will make some smoke particles inside the container. Stretch the balloons, one at a time, over the
container so that the container opening is covered with the rubber membrane.

3.

Shake the container to make the air inside as foggy as possible.

4.

With the rounded end of a broom-stick, push down onto the rubber membrane, (without breaking the
balloon).

Questions
1. Is the humidity level in the container staying
the same or changing?

5.

Answer ........................................................................................
..........................................................................................................
..........................................................................................................

Answer: .......................................................................................
...........................................................................................................
2.

Is the temperature in the container staying
the same or changing?

6.

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
If you’re not sure about the temperature,
try the following experiment. Take a bicycle
pump, place your thumb over the hole and
pump several times as hard as you can, to
compress the air against the thumb.
3.

7.

Hint: Move your hands back and forth passed
each other, without making contact and then
repeat this with your hands rubbing against
each other. Relate this to the air particles moving
around in a smaller space then a larger space.

When air is compressed, its temperature
INCREASES, DECREASES or stays the SAME?
It’s reasonable to assume that the opposite
happens when the air is decompressed
or expands. A term for these changes is
ADIABATIC heat change. Heat is a form of
energy of movement of air particles, and
temperature is a measure of that movement
energy of the air particles.

Why does temperature change when air is
compressed?
Answer ........................................................................................
..........................................................................................................

Does your thumb become hotter or colder?

Answer: .......................................................................................

When we allow air to expand i.e. decompress,
do we get adiabatic heating or cooling?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................

Answer: .......................................................................................
4.

So when the air is compressed, do we get
adiabatic heating or cooling?

EXPERIMENT

Part B.
In the introduction it was explained that
Dew Point is when clouds form. This is
dependent on the humidity level and
temperature. For example, if you look at the
spout of a boiling kettle, the steam is not
visible near the spout, but clouds up as it
moves further out from the spout. The steam
is condensing to a visible vapour as it cools.
Clouds form in the sky in a similar way, but at
lower temperatures than boiling.

8.

When air is rising, such as having to get over
a mountain range from the lower ocean, it
has to do work, which requires energy. The
only energy which air particles have is energy
of vibrational movement. This is known as
Kinetic Energy, which is a measure of their
heat or temperature. So if this energy is being
used up, what is going to happen to the
temperature?
Answer: The temperature RISES, FALLS or
stays the SAME? ................................................
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9.

This will make (DSOULC) .....................................form.
This is because when the water particles slow
down, they are more likely to stick together,
making bigger and heavier droplets. Their
static electric charges makes them attract, just
like rubbing a balloon on your hair, it makes
the hair attract to the balloon.
Sunlight falling on the earth’s surface is
absorbed as heat. This causes air near the
ground to absorb that heat, more so, over dark
coloured ground.

EXPERIMENT

10. When air is heated over darker warmer ground
it (RISES, FALLS, stays STILL or COLD AIR
WILL RISE)............................................................

66

11. Strike a match and see what happens when
the hot air forms around the burning match?
Answer: The smokey air
(RISES, FALLS, stays STILL)................................
Hot air balloons have their air heated by a
burner. This causes the air particles to increase
their vibrational energy, causing expansion of
the air, so becoming lighter and making the
balloon rise.
Atmospheric air will rise or fall, depending on
its temperature, even over flat ground or the
ocean.
The sun’s heat energy drives our daily weather
systems of rising air, falling air or air moving
across the ground to create vertical air cells.
The air also picks up evaporated water from
the oceans, bringing it inland to form clouds
and rain.
This is the WATER CYCLE of our weather
patterns.

ATMOSPHERE
Hot Air Balloon

Introduction

plastic garbage
bag

In this activity you will make and fly a hot
air balloon in order to understand what
happens to air when it is heated.

wire
candle
Figure 12.

screw top lid
Diagram of the hot air balloon.

Equipment needed

What to do

•

Make a 30 cm round hoop with the wire. Criss-cross
it several times with the remaining wire, making
sure you secure the metal screw-top lid in the
centre with open end facing up. The lid will be a
cup to place the candle in.

•
•

•
•
•
•

One metre of thin wire which you can easily
bend.
One centimetre length of candle.
Thick aluminium foil, (such as a disposable
baking tray, soft drink can or metal screw-top
lid to make a small cup to hold the candle.
A lighter or matches.
A large plastic garbage bag –the type made of
very thin plastic are ideal.
Adhesive tape or a stapler.
A reel of cotton to attach to the balloon as
a tether, which will be useful to control the
balloon once it has floated up.

Use the adhesive tape to attach the wire loop to
the plastic garbage bag opening.
Attach the end of the cotton thread with tape to
the wire rim.
To launch, hold the open end on either side of the
wire hoop and move around to fill the bag with air.
Have one person hold the top of the bag by
pinching it and pulling up.
The other person can light the candle in the screw
top cup and then wait for hot air to fill the bag. That
person should hold the cotton tether.

ASTRONOMY

WARNING: This activity should be done under
responsible adult supervision with particular
attention to fire safety! Indoors would be
preferable for better balloon control as
opposed to outdoors where wind can cause
control problems.

EXPERIMENT

These processes are similar to those which
drive our global weather systems.

The person pinching the top will feel the balloon
gain lift and can let go when it is able support itself.
The balloon should stay aloft for several minutes.
You can bring it down at will and blow out the
candle when finished.
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Questions
1.

What happens to the vibrational energy of the
heated air particles near the candle flame?

4.

Answer: ......................................................................................
..........................................................................................................
2.

Does this make that air want to expand, shrink
or stay the same?

Answer: ......................................................................................
..........................................................................................................
5.

Answer: ......................................................................................
..........................................................................................................
3.

What happens to the heaviness (ie density) of
that air, compared to the air outside the bag?

EXPERIMENT

Answer: ......................................................................................
..........................................................................................................
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Would there be fewer air particles, the same,
or more in the bag compared to a similar
space outside the bag?

Is it the air in the bag rising or the air around it
falling and pushing the bag upward?
Answer: ......................................................................................
The processes seen during this experiment
are similar to what happens in the earth’s
atmosphere as it interacts with the sun.

Extension Suggestions
6.

You can do more experiments with the balloon such as adding small
weights, such as chick peas, and see how much payload the balloon
can lift.

7.

For a determined weight of candle, time how long it will stay aloft.
You can increase the candle size and time it each time. Graph
the results to predict to predict how much candle is needed for a
particular time aloft.

8.

Change the size of bag or construction method.

9.

Design your own experiment to learn more.

✓

ATMOSPHERE

Weather maps are made using information
about air temperature, humidity, wind
speed and direction. There are a variety of
instruments that collect information about
these atmospheric condition.
Some instruments are stationary on the
ground, like thermometers, barometers and
radars. Others are on weather balloons in
the sky or on satellites orbiting the earth.
All these are used to produce images over
large areas of the earth, to predict the
changing weather conditions, such as rain,
cyclones, fine sunny days and heat waves.
The data you will use in this activity is a set
of atmospheric pressure readings collected
by an instrument known as a barometer.
When you enter these pressure values
into a spreadsheet and then convert into
a 3D graph form, you will have an image
showing high and low pressure regions.
The high pressures will indicate air falling
towards the earth’s surface and heating
up where water vapour evaporates away.
While low pressure indicates air rising away
from the earth, which cools down and
water condenses to form clouds and rain,
hail or snow if it contains enough moisture.
Rain also forms as cold air masses (called
cold fronts) swing in over the land from the
ocean. They wedge in under warmer moist
air, forcing it to rise and make clouds.

•

Construct a weather map.

•

Interpret weather map symbols.

•

Interpret features such as highs, lows, fronts,
cyclones and fine weather.

•

Read scales.

What to do
Barometer pressure readings are given in units
known as Hectopascals which average around
values of 1000 for the earth’s atmosphere. The data
set provided on the weather map has had 1000
subtracted from all the spot values of barometric
pressure for simplicity and data use efficiency.
The Hectopascal unit name is deleted to provide
clarity of number values.
After entering the data from weather map #1 into
a spreadsheet, convert it into a 3D graph using
software and print a hard copy (see 3D graphing
instruction page 75).
Label the Highs and Lows using the symbols (H)
and (L) and colour these to highlight them more
clearly.
Questions
1.

What is the feature labelled ( ) which appears
off the Queensland coast?

ASTRONOMY

Introduction

The aim of this exercise is to

AC TIVIT Y

Weather Map

Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
2.

Use the scale to estimate how many
kilometres away from the coast it is?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
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AC TIVIT Y

3.

If successive data sets show that ( ) has
moved 50 km in one hour in a westerly
direction, estimate how long before it crosses
the coast?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

4.

6.

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
7.

What is the barometric pressure at the centre
of the ( )?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

5.

What forecast advice would you issue to the
local people?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

What global climatic zones do these weather
systems form in?

Name the population centres in Australia
which are at risk of such weather events?
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................

8.

Give a weather forecast for the city of Adelaide
using data from weather map #2 page 72.
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

Additional Questions

70

1.

Identify the HIGH and LOW pressure system and label them with the
(H) or (L) symbol. Colour them in.

2.

Describe the weather forecast for the area you live in.
............................................................................................................................
............................................................................................................................
............................................................................................................................

3.

Choose one capital city and describe its weather forecast.
............................................................................................................................
............................................................................................................................
............................................................................................................................

✓

Name: .........................................................
Instrument used: Barometer.......		
Units: Hectopascals.............................		

Location: Australia
Data Log No. ( 1 )
Field Type Sensed: Atmospheric Pressure
			
Scale: Regional		
Sample Point Distance:
0

300 600 900 (km)

AC TIVIT Y

Note: All spot values have 1000 subtracted to improve discrimination.
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Name: .........................................................
Instrument used: Birometer.........		
Units: Hectopascals.............................		

72

Location: Australia
Data Log No. ( 2 )
Field Type Sensed: Atmospheric Pressure
			
Scale: Regional		
Sample Point Distance:
0

300 600 900 (km)
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GEOSPHERE
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GEOSPHERE - Mineral Exploration

9.

Click on the chart to highlight it

Topography is a word used to describe land
surface shape, which in this case will be
above sea level.

10. Click on (CHART TOOLS)

For us to do this we need an image taken
from high above, or the height of land
above sea level at a number of places. This
is usually done in an orderly way using a
grid of spot heights.

12. (LAYOUT)

A grid of spot heights has been measured
using surveying equipment which you will
enter into a spreadsheet and then convert
into a 3D graph using software as described
below.

What to do
Enter the grid of spot elevations of the
Mt Thunderbolt topographic survey into a
spreadsheet page 77. Convert into a 3D graph
display. Instructions are below.
3D Graphing Software
Using Microsoft Excel™ Spreadsheets:
1.

Enter the field values taken with geophysical
equipment at each grid station

2.

Click on (INSERT)

3.

Click on (AREA)

4.

Click on (ALL CHART TYPES)

5.

Click on (SURFACE)

6.

Choose (the 3D graph Icon)

7.

Click (OK)

8.

The 3D graph of the field measurements
should appear on screen

11. (DESIGN)
13. (3D ROTATION)
14. Choose which rotation axes to view the graph
i.e. X, Y or Z
To remove background noise effects which mask
the location and definition of anomalies caused by
mineral ore bodies do the following:
15. Click on an empty cell in say column u1 to
highlight it
16. Write the following code =if(a 1 <4,0,a 1). Press
ENTER. The computer will delete all field values
less than 4 by assigning them as zero
17. Click on the u1 rectangle again to shift it back
to the original position
18. Click on the black bottom right hand corner of
the rectangle and drag out to the number of
data grid columns and unclick
19. Click on the black bottom right hand corner of
the rectangle and drag out to the number of
data grid rows and unclick

GEOSPHERE

Introduction

To rotate the graphs

AC TIVIT Y

Topography

20. Click on (INSERT)
21. Click on (AREA)
22. Click on (ALL CHART TYPES)
23. Click on (SURFACE)
24. Choose (the 3D graph Icon)
25. Click (OK)
26. The 3D graph of the new filtered field
measurements should appear on screen
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Rotate the graphs
27. Click on the chart to highlight it

AC TIVIT Y

28. Click on (CHART TOOLS)
29. (DESIGN)
30. (LAYOUT)
31. (3D ROTATION)
32. Choose which rotation axes to view graph
from.
Make any adjustments to remove vertical
exaggeration.

Questions
1.

2.

Describe and name the main land feature you
see?

Print a paper copy of the 3D graph, find and
label the following features:

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

•

Crater

•

Parasitic cone

Do a North-South and East-West cross section
and calculate the: maximum slope of the inner
and outer walls.

•

Main vent

•

Lava flow

•

Central dome

Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
Minimum slope for the inner and outer walls.
Answer: .......................................................................................
..........................................................................................................
..........................................................................................................
Note: Slope is calculated using this formula

SLOPE =

76

3.

Rise Value
Horizontal Distance

Next: Research one or more of the following to
present as a short talk to your class mates. You may
consider where they are located, why and how they
formed, what their size and shapes are:
•

The life cycle of volcanoes

•

Volcanic activity in your state

•

Submarine volcanic activity

•

Active, Dormant and extinct volcanoes

•

Pacific ring of fire

•

Geo-thermal energy as an alternative

•

Chemicals produced by volcanoes

A

B

C

D

E

F

Location: Mt. Thunderbolt		
Field Type Sensed: Elevation		
Sample Point Distance:
G

H

I

J

K

L

M

N

O

P

Data Log No. (
Units: Metres
Q

R

S

)

T

AC TIVIT Y

Name: Topography..............................
Instrument used: Theodolite.......		
Scale: Local...............................................		
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Place the beaker filled with tap water o
water has become still, drop a few gra
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bottom
of the beaker.

Heat the water for 5 minutes, with the
the permanganate grains.

GEOSPHERE

QUESTION 1: Draw a diagram and desc
water during
the heating?
Can Rock Magnetism Prove Continental
Drift?

Introduction

Answer………………………………………………
……………………………………………………………
……………………………………………………………

Part A.
You will need a one litre, heat proof
beaker, water, a few grains of potassium
permanganate, a tripod, gauze mat and
Bunsen burner for this experiment.

Potassium
Potassium
Permanganate

EXPERIMENT

Place the beaker filled with tap water on
the gauze mat at the top of the tripod.
When the water has become still, drop a
few grains of the potassium permanganate
to the centre bottom part of the beaker.
Heat the water for 5 minutes, with the
Bunsen flame set at medium strength,
directly under the permanganate grains.

Permangana

Tripod
HEAT

These are known as convection curren
vibrational energy, which makes that w
Beaker
volume and becomes less dense. This c
water to fall to the bottom of the beak
Figure 13. Equipment arrangement for this experiment.

Questions

GEOSPHERE

1.

Draw a line diagram on the large beaker
picture, showing the movement path of
coloured water coming off the permanganate
crystals.
These are known as convection currents,
caused by heat giving the water molecules
more vibrational energy, which makes that
water take up more space, thereby expanding
in volume and becomes less dense. This
causes the surrounding cooler and hence
denser water to fall to the bottom of the
beaker so pushing the warmer water up.
It is thought that a similar process is occurring
in the earth’s interior with magma formed
by the heat energy released by decaying
radioactive elements.

It is thought that a similar process is oc
the heat energy released by decaying r
PART B

You will need a battery, magnetic com
wire.

QUESTION 2: Tape one end of the wire
magnetic compass next to the wire an
end of the wire to the free end of the b
Figure 14. Your observations of coloured water movement.
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Part B.
You will need
•
a battery
•
magnetic compass
•
adhesive tape
•
30 cm length of electrical wire
•
A steal bolt or nail

The Earth’s magnetic field pattern is similar to that
of a bar magnet, as shown by the photo of iron
filings scattered around the sheet of paper, which
has a bar magnet under it.

Tape one end of the wire to one end of the
battery terminal bring the magnetic compass
next to the wire and describe what happens
when you connect the other end of the wire
to the free end of the battery? If you don’t have
any movement in the magnetic compass wind
the electrical wire around a steel bolt or nail and
connect the wire ends to the battery.

EXPERIMENT

1.

So if we have charged particles, in the form of hot
liquid rock, known as magma moving in the earth’s
interior, a magnetic field will be produced around
the earth.

Figure 15. Circuit with steal bolt included.

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
Conclusion
2.

When charged particles move along
a conducting wire they make a
…………………………. force around
the wire, which ……………………….the
magnetic compass pointer.

Figure 16. Magnetic field pattern of a bar magnet and its 		
latitude inclination.

At the moment the earth’s magnetic pole is
close, but doesn’t coincide exactly with the
geographic North Pole. This is due to variations in
the movement of the hot liquid rock, in the earth’s
interior. When averaged out over thousands of
years, they coincide.

Another way of demonstrating this effect is to drop
iron filings around the wire before it is connected
to the battery and observe the magnetic force
acting on them as soon as the wire is connected to
the battery.
Electric currents are made of electrically charged
particles, called electrons, moving along the
wire. Any charged particle in motion, produces a
magnetic force, also known as a ‘Field’ around the
moving charge.
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3.

Figure 17 is a circle with a red bar magnet at
the centre. Draw a line diagram to represent
the iron filing field line patterns, in the photo
in figure 16, onto the circle in figure 17.

4.

Describe the angle the field lines make where
they intersect the line representing the
earth’s surface? This is known as the angle
of INCLINATION or angle of dip of the field
lines into the earth. Also supported by the
magnetic compasses photographed in the
four pictures in figure 18.

EXPERIMENT

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
This can be represented on a graph, by plotting
the angle of magnetic field inclination against
the latitude as shown below titled, ‘Magnetic
Inclination versus Latitude of Formation’
(figure 19).

Figure 17.

Your magnetic field line inclinations vs latitude.

The photos of a magnetic compass may help.
90
80
70
60

Inclination

50
40
30
20
10

0

Figure 18.

80

Magnetic compass tilt vs latitude.

10

Figure 19.

20

30

40

50

60

70

80

90

Latitude
Magnetic Inclination versus Latitude of Formation.

During volcanic eruptions, the iron rich minerals in
lava, align themselves with the magnetic field of
the earth at the time. As the lava cools it solidifies
and the magnetic minerals crystallise and retain a
copy of the earth’s magnetic field direction. This is
known as paleo-magnetism.
The picture below shows an iron rich magnetite
crystal, attracting thumb tacks through its
magnetism.

NB: This next part is a simulation, because
obtaining original core used is beyond this
course.
The table below shows the magnetic inclination
angles of three sets of seven samples. Each set of
seven samples was taken by diamond drill coring,
from separate continents, namely Australia,
Antarctica and India. The drilling locations in the
photos, show layered deposits of successive lava
flows erupted over time. Each core sample is taken
at increasing depth and is marked with a yellow
arrow, when taken from the ground, at the drill site.
5.

Would the sequence be oldest lava at the top
or at the bottom of the set of layers in the
photos?
Answer: oldest at the........................................................
and youngest at the ........................................................

6.

What directional information is needed on the
core when taken from the ground and how
would this be used when measuring the Paleo
magnetism?
Answer: .......................................................................................

EXPERIMENT

Magnetic Inclination versus Latitude of Rock
Formation

Figure 20. Natural magnetite crystal attracking thumb tacks.
Courtesy of John Mignone.

Paleo magnetism enables us to locate the latitude
at which a magnetic rock formed.
It can also be shown that the graph of magnetic
inclination versus the latitude of formation can be
described mathematically by the equation:

Tangent (of angle of latitude)
= 1/2 × Tangent (of angle of inclination)
Australian Core Sampling
location

Figure 21. Diamond Coring Drill Bit and Core sample.
Courtesy of John Mignone.

Antarctic Core Sampling
location

Indian Core Sampling
location

Images courtesy of UMD Geology.
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Australian Cores

Antarctic Cores

Indian Cores

EXPERIMENT

Setup for measuring the paleo-magnetic inclination
angle of the 7 diamond drill core samples from
each continent.

›

Figure 23. Magnetic dip is
zeroed to cancel ambient earth
magnetic field before placing
diamond drill core sample for
paleo magnetic field inclination
reading.

Figure 22. Apparartus must be oriented
North-South and spirit leveller set to
horizontal.

›
›
Figure 25. Dip meter is reassembled
over the core to measure dip angle of
paleo-magnetism.
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Figure 24. Paleo magnetic inclination 		
dip measurer is temporarily removed to
insert diamond drill core sample.

CONTINENT
Uranium
%

Age (m.y)

Magnetic
Inclination
Angle

Latitude
Angle

Antarctica
Magnetic
Inclination
Angle

Latitude
Angle

India
Magnetic
Inclination
Angle

100

54° South

54° South

54° South

97

90°S

90°S

90°S

90

90°S

90°S

90°S

87

90°S

90°S

90°S

80

90°S

90°S

90°S

78

90°S

90°S

90°S

75

90°S

90°S

90°S

Figure 26.		

Latitude
Angle

Table of Continental Diamond Drill Core Sample Age, Magnetic Inclination and Latitude of formation.

What to do
7.

EXPERIMENT

Australia

Use the Magnetic Inclination versus
Latitude graph page 80 to find the latitude
corresponding to the magnetic inclination
angles the continents occupied, on the earth’s
surface, at the time the lava flows erupted.
Record these values in the Latitude columns
for each continent in the table above.
The drill cores also need to be age dated, using
the isotope ratio Uranium (U) decomposing to
Lead (Pb). The U/Pb ratio is found by analysing
the Zircon crystals, shown in the photo
below Figure 27. The SHRIMP equipment
Figure 28., is used to extract the U and Pb
isotopes, and count their number by the Mass
Spectroscopy technique.

Figure 27. Zircon crystals containing Uranium/Lead.

Figure 28. SHRIMP - Equipment for extracting and measuring 		
Uranium/Lead ratios for age determination.
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8.

Below is the decay graph of Uranium 235.
Use it to estimate the age, in millions of years,
for each diamond drill core sample.
The Uranium(%) found by SHRIMP in the
sample, is given in the ‘Continental Diamond
Drill Core Sample Age, Magnetic Inclination &
Latitude of Formation’ table of data on page
83.
Enter your age estimates in the table next to
each (%) value of Uranium.

Uranium-235 Decay
100

Percent remaining %

EXPERIMENT

90
80
70
60
50
40
30
20
10
0

1000

2000

3000

4000

Time (millions of years)
Figure 29.

9.

Plot the values of Age and corresponding
Latitude, using a different colour for each
continent you have recorded, onto the Graph
sheet on page 85.
What is your interpretation of the graphs?
Answer: .................................................................
...............................................................................

84

Uranium-235 Decay chart.

30°N

20°N

10°S

0°S

Equator

EXPERIMENT

Latitude Position

10°S

20°S

30°S

40°S

50°S

60°S

70°S

80°S

90°S
300

250

200

150

100

50

0

Age (millions of years)
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Part C.
The diamond drill core samples have another
application in solving the Plate Tectonic puzzle.
The paleo magnetic imprint they carry, can be
used to find the apparent corresponding position
of the Magnetic Poles at the time of formation.
This is done by subtracting the Inclination angle I,
measured in each core from 90 degrees.
That is:

EXPERIMENT

Apparent POLE POSITION = 90o - INCLINATION ANGLE
I.e. Apparent Pole Position = 90o - I°
Complete this calculation for each drill core set and
record your results on the ‘CONTINENT: Magnetic,
Age & Position Table’ below.
Next
CONTINENT - Magnetic, Age and Position data table
Australia
Uranium
%

Age
(m.y)

Magnetic
Inclination
Angle = I°

Latitude
Angle
= L°

Antarctica
Pole
Position
= 90°- I°

Latitude
Angle
= L°

Pole
Position
= 90°- I°

Magnetic
Inclination
Angle = I°

100

54° South

90° South

20° North

97

90°S

90°S

0°N

90

90°S

90°S

68°S

87

90°S

90°S

87°S

80

90°S

90°S

90°S

78

90°S

90°S

90°S

75

90°S

90°S

90°S

Figure 30.		

Table of Continental Diamond Drill Core Sample Age, Magnetic Inclination and Latitude of formation.

Use the age and pole position values, to plot the
Apparent location of the poles on the earth’s
surface on the graph sheet on page 87. Use a
different colour for each of the three continent
graphs.

86

Magnetic
Inclination
Angle = I°

India
Latitude
Angle
= L°

Pole
Position
= 90°- I°

30°N

20°N

10°S

0°S

Equator

EXPERIMENT

Latitude Position

10°S

20°S

30°S

40°S

50°S

60°S

70°S

80°S

90°S
300

250

200

150

100

50

0

Age (millions of years)
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1.

How many graphs of Apparent Polar Positions
do you have?
Answer: .......................................................................................
...........................................................................................................

2.

How can you explain this, when we only have
one magnetic south pole and one magnetic
north pole at the moment?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

EXPERIMENT

3.

During the period of 300 million years, does
the Pole Position from each continent STAY
THE SAME or CHANGE?
Answer: .......................................................................................

4.

Explain your answer from Question 3?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

5.

Figure 20 shows a commercial application of paleo
magnetism mapping. Figure 18 and 19 show the
aeroplane carrying a magnetic sensor, located
in the rear stinger. The sensor is used to map the
earth’s magnetic variations in crustal rocks. This
is used in mineral exploration to find valuable
ore deposits of rocks, rich in minerals possibly,
containing Copper, Nickel, Uranium and Gold.
The red areas indicate magnetically high value
anomalies and the linear patterns show cracks in
the crust along which magmatic intrusions have
occurred.
The blue areas indicated possible sedimentary
basins of sands clay and limestone which may
contain coal, aquafers and petroleum. These
sediments re not very magnetic.
1.

Indicate on the image which magnetic
anomaly would be most prospective for a
mineable Ore deposit?

These are referred to as ‘APPARENT POLAR
WANDER PATHS’, Explain why?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

6.

Part D.

Figure 31. Blue 		
magnetometer in air craft
stinger tail . Courtesy of John
Mignone..

Figure 32. Side view of
magnetic survey air craft.

What do these Apparent polar wander graphs
indicate about when the continents separated
from each other and the continental drift
occurred?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

Scale 5km

Figure 33. Aero-magnetic image constructed from air craft
magnetic survey spot values.
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GEOSPHERE

GEOSPHERE

Identification And Uses Of Minerals

Figure 34.
Figure 35.

Gold Nugget. Image courtesy of John Mignone.
Peacock Ore also know as Bornite. Image courtesy of John Mignone.

Warning: Handle sharp objects with care. No
objects contained within this kit should at any
time be placed in the mouth.
Vinegar or acid used to test mineral reactivity
should not make contact with the eyes or skin.
In the event of any contact wash the area with
water liberally. Use of materials in this kit is at
your own risk.

•

Twelve mineral specimens

•

Mineral testing gear consisting of:

•

streak plate

•

steel nail

•

copper sheet

•

pipette

•

quartz

•

glass rod

•

magnet

The Mineral Identification and Uses Lab Book
(Lab Book sheets may be photocopied for student
use within the classroom).

RESEAR CH

The Mineral Identification and Uses Lab Kit
contains:

You will need to supply a tablespoonful of vinegar
when testing minerals for reaction with acid.
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Mineral identification
Minerals can be identified by using a few
simple tests and observations.
Minerals are inorganically formed in the
earth. They are solids with crystal form and
a pure chemical composition.

Figure 36.
Mignone.

Crystal form

Colour

•

•

Metal atoms combine with non-metal atoms
in fixed proportions. This makes regular atom
packing patterns resulting in a geometric
shape called a crystal. For example, sodium
chloride (i.e. halite or salt) forms cubes.

Cleavage
•

Gold veins in quartz. Image courtesy of John

Most minerals have a little impurity causing
colours to vary between samples so it is not a
good identification (ID) feature.

Streak
•

Some minerals have planes of weaker bonding
between metal and non-metal atoms. These
minerals tend to break or cleave along parallel
sets of flat shiny surfaces called cleavage
planes.

Streak is a mineral’s colour in powder form
when rubbed on a porcelain tile. This may be
different from the hand specimen colour, and
is a more reliable and useful ID feature.

Hardness

RESEAR CH

•

Key
sodium
chlorine
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Is a mineral’s ability to withstand scratching
with a tool. A scratching scale shown is given
on page 91 and is known as Moh’s scale of
hardness. Moh’s scale of hardness is bulky
to carry on fossicking trips, so the relative
hardness of some common substitutes tools is
shown.

Hardest

10
9
8
7
6

Softest

SUBSTITUTES

Diamond
Corundum
Topaz
Quartz
Orthoclase

7
6

Quartz
Glass

5
4
3

Apatite
Fluorite
Calcite

5

Steel

3

Copper (copper coin)

2
1

Gypsum
Talc

2½ Fingernail

Lustre
•

Suggested procedures
1.

Observe each mineral
specimen and record the
features.

2.

Use a mineral ID
observations sheet to
record what you observe.
Filling in the spaces or
shade the squares for the
best match, as shown on
the mineral identification
sheet page 99.

3.

Compare your data with
the mineral identification
chart listed on the
following pages to find out
what your mineral sample
names are.

Is the appearance of a fresh surface of a
mineral in good light. The main lustre groups
are:
METALLIC
shiny gold
copper

silver
grey

NON-METALLIC
glassy
pearly
silky

resinous
waxy

earthy brown
earthy yellow

Specific Gravity (SG)
•

Is how many times heavier a sample is than
the weight of an equal volume of water.

Usually, when great accuracy isn’t needed, a
comparison weight is given between samples of
similar size (volume). The specific gravity table gives
samples for comparison.

Materials needed
1.

Hardness testers
- fingernail (your own) - copper sheet
- steel nail		
- glass rod
- quartz

2.

Streak plate

3.

Magnet

4.

Mineral ID observations sheet

SAMPLE
Aluminium

Low

5.

Mineral specimen to identify

Glass
Lead

Medium
Heavy

6.

Vinegar or dilute hydrochloric acid
(not included in Lab Kit)

7.

Pipette

8.

Mineral identification chart

9.

Mineral uses and products grid

SPECIFIC GRAVITY

Other features
•

Calcite reacts with acid i.e. fizzes when a drop
is put on the mineral with a pipette.

•

Magnetite is magnetic so it will move a
magnetic compass needle or stick to a
magnet.

•

Calcite glows under a UV light.

•

Clay has an earthy colour.

10. Mineral name auto answer checker sheet
11. South Australian mineral resources map

Department for Energy and Mining
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METALLIC LUSTRE MINERALS
Graphite

Carbon Hardness (H) = 1-2

Steel grey; shiny; marks paper; smudges onto fingers
Galena

H = 21/2

Lead Sulphide

Does not scratch glass

Shiny grey; very heavy and perfect cubic cleavage; lead-grey streak; rotten egg smell
with acid
Gold Gold H = 21/2-3
Soft yellow colour; becomes paler with increased silver content; very heavy (i.e. high
specific gravity (SG)); yellow streak
Copper

Copper

H = 31/2

Coppery-red on fresh surfaces; often greenish on old surfaces; heavy
Chalcopyrite Copper Iron Sulphide H = 4
Deep brassy yellow; greenish-black streak; brittle; no cleavage; heavy
Pyrrhotite Iron Sulphide H = 4
Deep brassy yellow; greenish-black streak; brittle; no cleavage; weakly magnetic
Sphalerite Zinc Sulphide

H=4

Metallic or resin lustre; pale streak; 6 cleavages medium to heavy

Hematite

Iron Oxide

H = 5-6

RESEAR CH

Scratches glass

Steel-grey to black; reddish to reddish-brown streak; heavy
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Ilmenite Iron Titanium Oxide H = 51/2-6
Iron black; black streak; weakly magnetic; heavy
Magnetite

Iron Oxide

H=6

Black; metallic sub-metallic lustre; magnetic; black streak; heavy
Pyrite

Iron Sulphide H = 6-61/2

Pale brassy yellow; cubic crystals; greenish-black streak; heavy

NON-METALLIC DARK MINERALS
Biotite

Magnesium Iron Silicate

H = 21/2-3

Cleavage

Chlorite

Aluminium Silicate

Various shades of green; 1 cleavage; non-elastic
Sphalerite

Siderite

Zinc Sulphide

Iron Carbonate

H = 31/2-4

H = 31/2-4

Light to dark brown; glassy lustre; 3 directions of cleavage; none at right angles
Limonite

Cleavage

Iron Oxide

H = 11/2-5

Yellow-brown to dark brown; yellow to yellowish-brown streak
Hematite

Iron Oxide

H = 21/2-6 (variable)

Steel grey to reddish brown; variable lustre; reddish to reddish-brown streak; heavy

Pyroxene

Magnesium, Iron Silicate

H = 5-6

Dark green or black; 2 directions of cleavage nearly at 90°

Amphibole

Magnesium, Iron Silicate

H = 5-6

Dark green or black; splintery; 2 directions of cleavage at 60° and 120°

Garnet Calcium, Magnesium, Iron Silicate
H = 61/2-71/2
Wine-red; curved fracture; often 12-sided crystals; parting (not cleavage) common

RESEAR CH

No cleavage

Scratches glass

H = 21/2-3

Yellow-brown to black; pale yellow streak; resin lustre; 6 cleavages

No cleavage

Does not scratch glass

Black to brown; 1 perfect cleavage; elastic sheet

Cassiterite Tin Oxide H = 61/2-7
Yellow-brown to black; pale yellow streak

Department for Energy and Mining

93

Earth and Environmental Science Summer School 2018 Course Handbook

NON-METALLIC DARK MINERALS continued...
Quartz Silicon Dioxide

H=7

Chalcendony Silicon Dioxide
No cleavage

Scratches glass

Various colours; long 6 sided crystals; transparent to translucent; curved to uneven
fracture; glassy lustre
H=7

Translucent; waxy; shell shaped fractures. Many types: Jasper, red in colour; Agate
(banded); Flint, black in colour; Chert, light grey in colour
Straurolite Iron, Aluminium Silicate

H = 7-71/2

Red-brown to brownish black; often dull when altered; crosses (twinned crystals)
common
Tourmaline

Boro Silicate

H = 7-71/2

Commonly black or blue, but various colours; crystals have triangular cross sections;
good crystals common; curved fracture

NON-METALLIC LIGHT MINERALS
Talc Magnesium Silicate H = 1
White to green; soapy feel; pearly lustre

RESEAR CH
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H=2

White to transparent; non-elastic; 1 cleavage

Cleavage

Does not scratch glass

Gypsum Calcium Sulphate

Muscovite Aluminium Silicate H = 2-21/2
Colourless to light grey; transparent; 1 perfect cleavage; elastic sheets
Halite Sodium Chloride

H = 21/2

Colourless to white; cubic cleavage; salty taste
Calcite

Calcium Carbonate

H=3

Clear, white to yellow; 3 cleavages, none at right angles; fizzes in acid
Magnesite

Magnesium Carbonate

H=4

White 3 cleavages; no acid reaction; medium SG

NON-METALLIC LIGHT MINERALS continued...
Barite

Barium Sulphate

(H) = 3-31/2

White, colourless, other light shades; heavy;
3 cleavages (2 at 90°)

Cleavage

Dolomite Calcium Magnesium Carbonate
(H) = 31/2-4
Tan to white; pearly lustre; fizzes in acid if powdered
Siderite

Iron Carbonate

(H) = 31/2-4

Light to dark brown; glassy lustre; 3 directions of
cleavage, none at right angles
Fluorite

Calcium Fluoride (H) = 4

Does not scratch glass

White, purple or green of various shades;
4 cleavages; cubic crystals
Sulphur

Sulphur

(H) = 11/2-21/2

Yellow of various shades; light weight
Bauxite

Aluminium Oxide

(H) = 1-3

Tan to buff; small round balls
Aluminium Silicate

(H) = 2-21/2

White, brown, grey; earthy odour when damp;
slippery feel
Magnesite

Magnesium Carbonate (H) = 31/2-4

Blue, blue streak; fizzes with acid; medium SG
Malachite

Copper Carbonate

(H) = 31/2-4

Green; layered bubbles; fizzes with acid; medium SG
Azurite

Copper Carbonate

(H) = 4

3 cleavages; no acid reaction; medium SG
Opal

Silicon Dioxide

(H) = 5-6

RESEAR CH

No cleavage

Kaolinite Clay

Glassy; play of colour; shell shaped fractures
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NON-METALLIC LIGHT MINERALS continued...

Cleavage

Orthoclase

Potassium Silicate

(H) = 6

Pink to white; 2 cleavages at 90°; glassy lustre
Plagioclase

Sodium Silicate Carbonate (H) = 6

Quartz
No cleavage

Scratches glass

White, blue, grey; 2 cleavages; striations (fine parallel lines)

Silicon Dioxide (H) = 7

Various colours; long six sided crystals; transparent to translucent; curved to
uneven fracture; glassy lustre
Olivine

Iron Magnesium Silicate

(H) = 7

Olive green glassy lustre; transparent to translucent; curved fracture
Beryl

Berillium Silicate

(H) = 8

RESEAR CH

Pastel colours; long 6 sided crystals; light. Emerald and Aquamarine are gem
varieties.
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MINERAL USES AND PRODUCTS

Abrasives
Adhesives
Agricultural products
Aluminium goods
Animal feeds
Batteries
Bitumen products
Brake linings
Brick and tiles
Building boards
Carpets
Cement and concrete
Ceramics
Chemist (medicines)
Cleaners
Confectionery
Copper goods
Cosmetics
Dam sealing
Electrical goods
Foundaries
Fireworks
Glass
Grout
Jewellery
Oil drilling mud
Paper
Paint
Pesticides
Pet litter
Plastics (petrochemical)
Printing
Putty
Refractories (furnaces)
Resines
Roads
Rubber goods
Sealants
Silver goods
Suphuric acid
Steel
Toothpaste
Titanium goods
Vinly flooring
Water filters
Welding rods
Wine clarifyers
Zinc plated steel

Mineral uses & products grid

MINERAL NAME
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COPPER
47 Blinman
75 Burra
102 Coomandook
34 Emmie Bluff
79 Kapunda
208 Kanappa
218 Legolas
37 Leslie Well
38 Lorna Doone
135 MG 14
46 Mount Gunson
44 Mountain of Light
58 Mutooroo
62 Myall Creek
219 Nankivel
40 Parabarana
134 Windabout

E
E
E
D
E
"
"
E
E
E
E
E
E
E
E
D
"
E
"
"
D
D
E
H
E
E
"
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2
!
(

#
*

URANIUM
42 Beverley
178 Beverley North
150 Crocker Well
147 Four Mile
49 Goulds Dam
52 Honeymoon
220 Jasons
184 Junction Dam
156 Kalkaroo East
155 Mount Gee
41 Mount Painter
151 Oban
30 Olympic Dam
59 Radium Hill
163 Samphire
148 Warrior
172 Yarranna

Ñ NICKEL
D 130 Claude Hills

"
"
D
"
D
C
D
D
E
D
E
E
"
H
D
D
E

#
*177

100

*
144 #

3$

Marla

200 km

!
( 26

#
*169

)
"

159 #
*
Ceduna

176 Atacama
159 Dromedary
146 Gullivers
20 Immarna
141 Jacinth-Ambrosia
91 Mindarie
169 Mojave
177 Notrab
90 Perponda
188 Sonoran
144 Tripitaka
170 Typhoon

97

" 35 Andamooka
opal
Pedy
" 8 Coober
opal
Jade
" 65 Cowell
jade
Island
E 136 Flinders
diamonds

Ê PRECIOUS STONES

Ê

Gambier
" 115 Mount
limestone
" 117 Padthaway
green granite
" 199 Wallaroo
altered sediments
" 126 Wudinna
pink granite

Lambina
opal
" 1 Mintabie
opal
Davies
E 128 Mount
chrysoprase
Basin
E 133 Springfield
diamonds

"2

Ê

35

(
131 !

!
(

37

38

Ê

Ê133

V
&
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200 Baggy Green
129 Barns
97 Bimba
152 Bird in Hand
13 Campfire Bore
14 Challenger
24 Glenloth
11 Golf Bore
191 Greenewood
120 Hilga South
201 Mawson
153 Mongalata
193 Monsoon
116 Myall
145 Parkinson Dam
22 Perseverance
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21 Tarcoola
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197 Weednanna West
124 White Dam

# GOLD
S

E 31 Acropolis
E 189 Alford West
" 143 Carrapateena
D 204 Croziers
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Junior geologist’s name: ............................................................................................................................................................................
Mineral number: .................................................................................................................................................................................................
Shade circle of best match in the following points:
1.

Lustre
Metallic
silver grey		

gold yellow			

copper brown

Non-metallic
dark colour		
2.

light colour

Streak
Powder colour ..............................................................................................................................................................................................

3.

Hardness (it will be scratched by:)
finger nail			copper steel
glass			quartz

4.

Breaks
no flat shiny surfaces
flat shiny cleavage surfaces
cleavage sets of:

5.

one		

two		

three		

four

Heaviness (i.e. specific gravity)
heavy		medium		light

6.

Reacts with acid
yes		 no
Magnetic
Magnet sticks to it:		

yes		

no

8.

Crystal shape

9.

Mineral name (from ID tables) ......................................................................................................................................................

10. Chemical name .........................................................................................................................................................................................
11. Uses ...................................................................................................................................................................................................................
12. Mine (name) ...............................................................................................................................................................................................

RESEAR CH

7.

13. Location Row: ........................................................................ Column: ............................................................................................
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Puzzle

‘They all made great use
of the earth’s mineral
resources’.
What were they?

Solve the puzzle below by writing the names of the
twelve minerals you have identified in the spaces
next to their sample numbers. The puzzle solution
will be in the highlighted boxes down the page.

C

6

X

11

R

3
8
1

10

G

A

7

Y

9

M

5
2

4

RESEAR CH

E

U

12

100

V

TIP: If the mineral name does not fit, check its spelling
and if it still does not fit you may need to
re-identify it.

C

N

U

GEOSPHERE

In this practical activity you will investigate
the concept of order in nature as seen in
crystals.
This is as a result of the orderly packing of
ions (atoms carrying electrostatic charges),
forming a crystal lattice.

Axis of Rotation:
A line through the crystal about which the crystal
appearance is repeated several times as it is rotated
360 degrees.
Centre:
A point at the centre of a crystal with
corresponding points or surfaces equal distance
away on opposite sides.

Challenge for you

Repeat for the following:

1.

CUBE

2.

Cut out and use hot glue to make the cube
model on page 105, repeat process for the rest
from the templates provided on the following
pages 105-111.

Planes of Symmetry
......................................................................................................................
......................................................................................................................

Using the cube find its Symmetry elements.
Planes of Symmetry
......................................................................................................................
......................................................................................................................
Axes of Symmetry
......................................................................................................................
......................................................................................................................
Centre
......................................................................................................................
......................................................................................................................
Axes of Symmetry
......................................................................................................................
......................................................................................................................

HEXAGONAL PRISM

Axes of Symmetry
......................................................................................................................
......................................................................................................................
Centre
......................................................................................................................
......................................................................................................................
3.

GEOSPHERE

Introduction

Mirror Plane:
A mirror surface along which the mirror image is a
replica of the crystal side opposite the mirror.

AC TIVIT Y

Crystallography And Symmetry

TETRAHEDRON

Planes of Symmetry
......................................................................................................................
......................................................................................................................
Axes of Symmetry
......................................................................................................................
......................................................................................................................
Centre
......................................................................................................................
......................................................................................................................
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Crystal Systems

AC TIVIT Y

System

Diagram

Lattice Axes

Essential
Other
Symmetry Symmetry

c (= a)

a=b≠c

Cubic

α =90°

α = β = γ = 90°

β =90°
γ =90°

3 tetrads
4 Triads

6 diads
9 mirrors

b (= a)

a

Examples
Halite, galena,
sphalerite.
magnetite,
pyrite,
diamond,
fluorite

c

a=b=c

Tetragonal

α = β = γ = 90°

α =90°

β =90°

γ =90°

Tetrad

4 diads
5 mirrors

Cassiterite SnO2
zircon Zr SiO4
rutile TiO2

b (= a)

a
c

a=b≠c
α =90°
β =90°

Hexagonal

α = β = 90°
γ =120°

Hexad

γ = 120°

b (= a)

6 diads
7 mirrors

Apatite, beryl

a

Trigonal or
Rhombohedral

a=b=c

a

b (= a)

c (= a)

α=β=γ

Triad

3 diads
3 mirrors

Quartz, calcite

β (= α)
γ (= α)
c
α =90°

Orthorhombic

a≠b≠c

β =90°
γ =90°

b

α = β = γ = 90°

Olivine, topaz
barytes

3 diads

3 mirrors

diad or 1
mirror

Gypsum,
pyroxene
Mirror diad
amphibole,
orthoclase

a
c

a≠b≠c
Monoclinic

α = γ = 90°

α =90°

β

γ =90°

β ≠ 90°

b

a
c

a≠b≠c

Triclinic

β

α
γ

a

102

b

α≠β≠γ

None

Plagioclase

Crystals

Two-fold

Three-fold

Four-fold

Six-fold

AC TIVIT Y

Rotation Symmetry Examples

Rotation Axes Symbols

Rotation Axes

3x

Four-fold

4x

Three-fold

6x

Two-fold

Mirror Plane Symmetry Examples
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Cube
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AC TIVIT Y

Tetrahedral
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AC TIVIT Y

Hexagonal Prism
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AC TIVIT Y

Bipyramid
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GEOSPHERE

This laboratory based practical will explore
the chemistry involved in freeing metals
from the chemicals concentrated in
rocks, which are known as ores. Ores are
especially high in the content of metals
which we use in many products daily.
For example, to make a car, more than 250
different minerals need to be found in the
earth, then mined and chemically treated
to extract the useful parts which are mostly
metals.
The people who know how to find,
dig, extract and make the car’s parts
are: geophysicists, geologists, mining
engineers, metallurgists, mechanical
engineers, electronic, mechanical and
chemical engineers, and a host of other
technical specialists in the STEM fields.

Part A.
Now carefully add a quarter cup of the dilute
sulphuric acid to the malachite and wait till all the
liquid has gone through the filter paper.
1.

Note the colour of this liquid, why has it
changed colour? Answer .................................................
...........................................................................................................
...........................................................................................................

2.

Complete the equation for what has
happened

Let’s Do This Experiment!
A school laboratory will be an ideal place
for this.
Note: Safety gear needed:
- protective goggles and gloves.
Adult Supervision should be present
because some chemicals to be used are
a hazard if the right precautions are not
taken.
What To Do
Cut the paper towel into a circle of 10 cm diameter.
Fold it into halves and then into quarters and place
into the funnel as a cone. Place the funnel on the
beaker and add the crushed malachite/ copper
carbonate into it.

CuCO3 + H2SO4

H2…..? + ?...... SO4 + C…..2?

3.

Now dip the iron nail end into the liquid for
approximately two minutes and observe what
happens? ....................................................................................
...........................................................................................................

4.

What chemical has formed on the nail?
...........................................................................................................
...........................................................................................................

5.

Complete this statement. This process is the
chemical extraction of........................................................
from copper ore minerals.

Department for Energy and Mining

GEOSPHERE

Introduction

Chemicals and laboratory gear needed are:
•
Safety goggles asnd gloves
•
1/2 cup or 100ml of dilute sulphuric acid
•
One table spoon of crushed malachite ore or
copper carbonate powder (from a chemical
supply store or hardware shop)
•
A beaker or glass
•
Plastic funnel and paper towel to act as filter
paper
•
Scissors
•
Clean large iron nail
•
A D-size battery
•
2 pieces of electrical wire 30 cm long and two
carbon rods which can be found at the centre
of a D-sized battery.

EXPERIMENT

Getting Metals From Rock

113

EXPERIMENT
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Figure 37.

114

Diagram of minerals used to make a car.

Part B.
1. Add the remaining acid to the malachite.

Part C.
Extracting Lead from its Ore

2.

Connect the wires to the top of two carbon
rods and the other ends to the two ends of
the battery and then dip the free carbon rod
ends into the liquid.

Lead is a useful metal. It has been used for
plumbing pipes since Roman times, hence the
Latin name Plumbum and its chemical element
symbol Pb.

3.

Describe what you see? ....................................................
...........................................................................................................
...........................................................................................................

It doesn’t naturally occur as pure lead, but rather
as a compound with carbonates, sulphides and
oxides.

4.

Complete this statement. This process is called
electrolysis and is one way of .....................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

One common use is in lead/acid batteries, as a way
of storing electricity to start a car’s petrol engine.
In this experiment you will chemically extract pure
lead metal from Galena, its ore mineral, which is a
natural lead compound as mined from the earth.
The process is known as Metallurgy.

CAUTION: Adult supervision is needed during
the experiment and should only be done in a
labratory setting.
You will need to exercise great care during this
experiment, because you will be working with
very hot materials. Safety glasses are a must
and if you have long hair you should tie it back
or use a hair net.

What to do
Set up the apparatus as shown in the picture
below, i.e., heat proof mat on the bench top for the
tripod to stand on, and the gauze mat to support
the crucible.
Roasting the Ore
Place the Galena grains in the crucible and heat
with the burner flame from below until a smokey
gas is released from the Galena. Waft some of the
gas with your hand toward your nose, take a few
small sniffs and record what it smells like.
Questions
1. What do you think the chemical partner of the
lead is in the galena?
Answer: .......................................................................................
...........................................................................................................
Scrape a small depression on top of the carbon
block, using a coin, and place the galena grains in
the depression.
Direct the hot blue Bunsen flame onto the galena,
and blow air from the blowpipe through the flame
onto the roasted galena.

EXPERIMENT

You will need
•
Protective glasses
•
Blowpipe
•
Crucible
•
Carbon Block
•
Tripod
•
Gauze Mat
•
Gas Bunsen Burner
•
Heat Proof Mat
•
Tongs
•
Small Metal Spatula
•
Coin
•
Galena crushed into 5 or 6 grains
the size of sesame seeds.

Keep blowing until the grains turn into silver liquid
beads.
2.

What have you made?
Answer: .......................................................................................
...........................................................................................................

Hint: If you’re not sure of the answer, wait until the
carbon is cool. This can be sped up by soaking it in
water using the tongs to pick up the carbon block.
Then scrape out the silver-coloured beads and try to
hammer them on a solid surface.
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GEOSPHERE
Using Vibro-Seis To Find Petroleum - ’12 Pm Oil Field’
Petroleum Seismic Survey

GEOSPHERE

EXPERIMENT

Name: ................................................ 		
Instrument used: Seismic Reflection
Scale: Regional.............................. 		

116

Location: 12pm Oil Field 			
Data Log No. ( )
Field Type Sensed: Shockwave Refection Time Units: Milliseconds
Sample Point Distance:
0

100 200 300 (m)

Prospecting by Remote Sensing Methods

To rotate the Graphs

-12” p.m. Oilfield” -Case Study

16. Click on the chart to highlight it
17. Click on (CHART TOOLS)

1.

Plot the spot depth values in Excel then
display in 3D graphing form using the
instructions below.

18. (DESIGN)
19. (LAYOUT)
20. (3D ROTATION)

2.

Indicate, by shading in colour, two structures
evident. Suggest what they might be.

21. Choose which Rotation Axes to view the
graph ie X, Y or Z

3.

Do a cross-section profile to display as much
of the structures as possible (use milliseconds
as your vertical scale).

To Remove Background Noise Effects which
mask the location and definition of anomalies
caused by mineral ore bodies, do the following:

4.

Colour in the reflective strata on the crosssection.

22. Click on an empty cell in say column u1 to
highlight it.

5.

Indicate the likely petroleum trap areas.
Hint: You may need to research what petrolum
traps look like.

23. Write the following code =if(a 1 <4,0,a 1). Press
ENTER. The computer will delete all field values
less than 4 by assigning them as zero

6.

Calculate the depth of the potential petroleum
trap sites, given that:

24. Click on the (u1) rectangle again to shift it
back to the original position

(V)elocity of
Distance Travelled
seismic waves =
Time Taken
= 2500 metres per second
7.

25. Click on the black bottom right hand corner of
the rectangle and drag out to the number of
data grid columns and unclick
26. Click on the black bottom right hand corner of
the rectangle and drag out to the number of
data grid rows and unclick

Calculate the cost of a drill hole if drilling costs
$400 per metre to intercept petroleum?

27. Click on (INSERT)

Answer: .......................................................................................

29. Click on (ALL CHART TYPES)

28. Click on (AREA)

3D Graphing Software

30. Click on (SURFACE)

Using Microsoft Excel Spreadsheets:
8. Enter the field values taken with geophysical
equipment at each grid station

32. Click (OK)

9.

Click on (INSERT)

10. Click on (AREA)
11. Click on (ALL CHART TYPES)
12. Click on (SURFACE)
13. Choose ( the 3D graph Icon)
14. Click (OK)
15. The 3D Graph of the field measurements
should appear on screen

EXPERIMENT

Questions

31. Choose ( the 3D graph Icon)
33. The 3D Graph of the new filtered field
measurements should appear on screen
Rotate The Graphs
34. Click on the chart to highlight it
35. Click on (CHART TOOLS)
36. (DESIGN)
37. (LAYOUT)
38. (3D ROTATION)
39. Choose which rotation axes to view graph
from.

Department for Energy and Mining

117

Earth and Environmental Science Summer School 2018 Course Handbook

GEOSPHERE

EXPERIMENT

Petroleum Exploration - Seismic Survey
In the three seismic profiles, on page 118 and 119
the rock layers are the white bands between the
black wavy lines going across the page.

Questions
1.

Colour in the area you think might contain oil
and gas.

•

Down the left-hand side are the travel times
for the seismic waves. If the speed of travel is
2500 metres per second, work out a scale to
show the depths, and write it down the righthand side.

2.

How deep is it from the surface to the top of
this trap? Draw a line from the surface to the
part of the trap which would give gas and oil if
you were to drill it.

•

Find the rock layer at the depth of 2500 metres
and move your finger along it. Be careful,
because it may bend or disappear at times,
so look for the pattern above and below it to
help track it.

3.

When you feel sure where this layer is all
across the profile, colour it in. Look at its shape,
and decide the most likely spot for petroleum
to be trapped. Compare it with the diagrams
of trap types, and name which one you think
you have found.

4.

GEOSPHERE

Seismic Profile 1

118

Answer: .......................................................................................
...........................................................................................................
If it costs $2.5 million to drill each 1000 metres,
how much would it cost to drill here?
Answer: .......................................................................................
...........................................................................................................
Repeat all this for the other seismic profiles
your teacher may have.

EXPERIMENT

Seismic Profile 2

Seismic Profile 3
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GEOSPHERE

GEOSPHERE

Measuring Gravity’s Pull

Introduction
A PUSH or PULL is a force (F) which can
be measured by the acceleration (a) it
produces when it acts on an object of mass
(m).

Part A.
Measuring Gravity
What to do
1.

Set the length (L) of the pendulum at the
values shown in the Pendulum Data Table
page 121. Length is measured from the
bottom of the split cork to the centre of the
weight bob.

2.

Measure the time taken for 20 oscillations.
Repeat this 3 times for each string length and
calculate the average. Enter all observations in
the Pendulum Data Table and calculate the T2
values.

3.

One oscillation is shown in the diagram below.
The swing amplitude should be around 15 to
20 degrees.

That is: F = m x a
In the case of the earth’s gravitational force
(Fe), it pulls on other objects of mass (m).
We could calculate the acceleration of an
object falling or use a swinging pendulum
to measure the earth’s gravitational
acceleration represented by (g).
So Fe = m × g

INVESTIGATION

To start the pendulum swinging we give the
bob a push which displaces it from its rest
position, but gravity pulls back on it until
it slows down to a stop and then starts to
fall back to its rest position in the middle.
It overshoots the mark because it has
momentum. This repeated cycle would go
on indefinitely if there was no air resistance.

Split cork

If the gravity force was smaller e.g. on the
moon, the period (T) of one complete swing
would be longer.

Length of
pendulum (L)

This means that (T) and g are related for a
fixed pendulum length piece of string (L).
Bob Weight

You will need

120

•

1 metre of fishing line or strong cotton

•

A split cork

•

Retort stand

•

Stop watch

•

Metal bob weight e.g. fishing sinker

Figure 38.

Pendulum set up.

Pendulum Data Table
Length ‘L’
cm

Time in
Average
seconds for
time for 20
20 oscillation oscillations

Time for one
oscillation
period = T

T²

Readings
25 cm

(a)
(b)
(c)

36 cm

(a)
(b)
(c)

49 cm

(a)
(b)
(c)

64 cm

(a)
(b)
(c)

81 cm

(a)

Remember the
controlled variable
goes along X axis
and the dependent
variable goes along
the Y axis.

(c)
100 cm

(a)
(b)
(c)

Questions
1.

What is the mathematical relationship of T²
and L? In other words is the graph a straight
line or a smooth curve?

3.

= the same constant, K.
That is K =

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
2.

Use the graph to calculate the value of

L
T²

which is known as a constant value which
we will call K.
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

It can also be shown that

g
4∏²

=

g
4∏²

INVESTIGATION

(b)

L
where g is the
T²

acceleration on the pendulum bob due to
gravity ie. g= 4∏²K
4.

Now calculate the value of g using

g
4∏²

and the constant K from the graph.
The acceleration due to gravity g is in units
of cm/sec/sec also known as gals after
Galileo Galilei.
Answer: g= ............................. cm/sec/sec
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Part B.

5.

Factors affecting gravity
There are a number of factors which affect
the earth’s gravity force, for which gravity
measurements that are taken in the field need to
be corrected.

Answer: .....................................................................................
6.

The challenge for you
Decide whether the following effects increase or
decrease the apparent gravitational force.
Remember that Newton’s Universal Law of
Gravitation is: F = G (M1M2)

(r²)

If you fly upwards off the surface of the earth,
the gravitational force becomes weaker/
stronger? This is known as the Free Air
Correction.
If you measure gravity at the top of
a mountain, the extra mass of the mountain
under you would make the gravitational force
become weaker/stronger? This is known as
the Bouguer Correction.
Answer: .....................................................................................

7.

The earth spins on its axis once every 24
hours. This means that the closer one goes to
the equator the gravitational force becomes
weaker/stronger? This is known as the
Latitude Correction.

INVESTIGATION

Answer........................................................................................
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8.

Calculate the correction value you would
need to add to the ‘g’ value found in Part A to
compensate for the gravity reducing effect of
your latitude, if:
Gravity correction
= 1.224 Sin 2λ milligals/km
Where λ = latitude and
1 gal = 1000 milligals
Answer: ........................................................................................
...........................................................................................................

9.

To compensate for the weakening of gravity
calculate and add the following compensation
to your ‘g’ value?
Free air correction is
0.03086 milligals/metre above sea level.
Answer: ........................................................................................
...........................................................................................................

10. Also compensate for the Bouguer Correction
by calculating the compensation due to
apparent mass increase for that altitude
increase by subtracting 0.04188 x density.
Assume the average crustal rock density
is 2.67 gm/cm3. This would have to be
subtracted from the field measurement of ‘g’
to compensate for the effect.
Answer: ........................................................................................
...........................................................................................................
Other corrections could be included but are
outside the scope of this experiment.

Part D.
Using gravity changes to find ore bodies
underground
On the earth gravity is the force which pulls objects
with mass toward the earth. The strength of this
force is affected by rocks of high density (they
contain minerals made of heavy metals like gold,
copper and nickel) and rocks of lower than average
density, such as caves underground that reduce the
gravity value.
This can be used in prospecting to locate rocks
with concentrations of minerals of economic value,
known as ore bodies.
11. After all these corrections are applied to the
field gravity measurements, the gravity value
may still be different from that expected for
average earth rocks. This is called an Anomaly.
If the corrected gravity value is higher does
this mean the rocks underground are
higher/lower density than average?
Answer: ........................................................................................
...........................................................................................................
12. Could this mean high concentrations of
metals like nickel, copper, gold or coal and
petroleum?
Answer: .......................................................................................
13. If the corrected gravity value is lower, does this
mean the rocks underground are
higher/ lower density than average?
Answer: .......................................................................................
14. Could this mean high concentrations of
metals like nickel, copper, gold or coal and
petroleum?

INVESTIGATION

Correcting the gravity value you calculated in
Part C.

Answer: .......................................................................................
Refer to the ‘I.G.Y Gravity’ survey map on page
124 for which the gravity spot values have been
compensated for the various factors which affect
gravity. These ‘g’ values were measured at grid
points called gravity stations.

Department for Energy and Mining

123

Earth and Environmental Science Summer School 2018 Course Handbook

Petroleum Seismic Survey
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Name: .........................................................
Instrument used: Gravity Meter		
Scale: Regional.......................................		
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Location: I.G.Y				Data Log No. ( 12 )
Field Type Sensed: Gravity		 Units: Millgals
Sample Point Distance:
0

50

100 150 (m)

At this point the depth Z = 1.3 × X
(Tiberg’s Rule)

What to do
•

Plot these values using Microsoft Excel and
display using Chart Wizard’s Surface Graphing.

•

Identify the positive and negative gravity
anomalies.

•

Explain what these anomalies mean in terms
of rock density if the surrounding country rock
is loose sedimentary sands and clays.

•

Draw a cross-section profile from east to west
through the gravity anomaly on graph paper.
Label the horizontal axis as Distance in metres
and the vertical axis as Gravity change in
milligals.

•

That is, the depth to the centre of the ore
body Z = 1.3 × X, where X is the width, at
g ½ the gravity anomaly half-strength.
•

Calculate the depth to the rock or ore
body causing the anomaly. This is useful for
estimates of drilling depths for sampling, and
ore body shape modelling.
Answer: .......................................................................................
...........................................................................................................

•

Mark the maximum and minimum on the
cross-sectionand the level at which the
anomaly has fallen to half the maximum value.

Would this be mineable as an open cut or
underground mine?
Answer: .......................................................................................
...........................................................................................................

Tiberg’s rule

INVESTIGATION

Field Intensity (g)

g max.

g½

g min.

}

X
/ / / // / // // /// / / // // / / /// / / // // / // // / // /// // / // / //

Distance

Z = 1.3 ×
x X when
when

Z

Ground surface

gg½½

=½
=½
max.
ggmax.

(ie. (i.e.
when
the the
anomaly
has
fallen
strength,
when
anomaly
has
fallentoto½½ofofits
itsmaximum
maximum strength,
thenthen
Z (depth)
= 1.3
xX
(half
of anomaly).
Z (depth)
= 1.3
×X
(halfwidth
of anomaly).
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Christine Lawley
Exploration Geologist
(MSc, MAIG, MAusIMM)

Metalzoic Geological Consulting
M: +61 439 488 549
E: clawley@metalzoic.com.au

You are working for an exploration company in the
remote north west corner of South Australia, within
a geological province known as the Musgraves.
The Musgrave Province is host to some mafic/
ultramafic intrusions, which are prospective for
Nickel-Copper Sulphides. The company have
just flown an extensive electromagnetic (EM)
geophysical survey and the company geophysicist
has interpreted the data and defined 10 targets
(bedrock conductors) for you to follow up on
(Targets A, B, C, D, E, F, G, H, I & J). Unfortunately,
the company can only afford to drill test 3 of the
10 targets. The company exploration manager has
asked you to prioritise the 10 targets, by analysing
all of the available data sets. The exploration
manager has asked you to use the company
target ranking spreadsheet so you can objectively
determine, which 3 targets are highest priority for
drill testing.

The source of the 10 EM bedrock conductors can
be either
a.

Nickel-Copper Sulphides (positive result
– drilling hits mineralisation); or,

b.

Graphite (false-positive result – drilling
hits a conductive mineral, but not what we
are looking for); or,.

c.

Salty groundwater.

Your exploration manager has provided you
with the following data sets; topography, gravity,
magnetics, radiometrics and geochemistry to
complete the task. The exploration manager has
also provided you with some corresponding
guidelines for each data set.
Fill out the provided target ranking spreadsheet
to determine which 3 targets should be included
in the drilling program to give the best chance of
hitting Nickel-Copper Sulphide mineralisation in
your drilling program.

Topography
•
Gives you an idea of the terrain in the area
i.e. location of rock outcrops, creeks and sand
dunes.
Gravity Data
•
Ni-Cu sulphides occur in gravity highs (i.e. high
density mafic/ultramafic rocks, red-yellow).
Graphite occurs in gravity lows (i.e. low density
felsic rocks, blue). Note: the gravity image is
based on broadly spaced gravity stations, so
some low density rocks may be present within
the gravity highs and vice versa.
Magnetic Data
•
In this dataset, mafic/ultramafic intrusions
have a broad, rounded, low magnetic
response due to remanent magnetism
(blue) and felsic rocks have a high magnetic
response (red). Ni-Cu sulphides often form on
the margin of intrusions.
•

In addition to forming in felsic rocks, graphite
can also form in structures. Structures stand
out as linear features.

Radiometric Data
•
The lows (dark blue) indicate the presence of
outcropping mafic/ultramafic rock, the highs
(red) indicate outcropping felsic rocks. The
remaining areas (light blue - yellow) indicates
the presence of cover masking the outcrop
(i.e. rock type is unknown). This dataset can be
used as a “pseudo” geological fact map.
Geochemical Data
•
The high values (>500ppm, red) indicate
anomalous Nickel + Copper (i.e. high potential
for mineralisation).
•

The medium values (100-500ppm, light blue yellow) indicate background Nickel + Copper
values in mafic/ultramafic rock (i.e. the right
host rock).

•

The low values (<100ppm, dark blue) indicate
background values in felsic rock or the
presence of cover (i.e. sand dunes masking
geochemical response from the rocks
beneath).

Gravity

Score

Magnetics

Score

High (Red-Yellow)

1

Low (Blue)

1

Low (Blue)

0

High/Structure (Red/Linear)

0

Radiometics

Score

Geochemistry

Score

Low (Dark Blue)

2

High (Red)

2

Cover (Light Blue to Yellow)

1

Mod (Light Blue to Yellow)

1

High (Red)

0

Low (Blue)

0
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Target_ID

Gravity

Magnetics

Radiometrics Geochemistry

Total Score

Priority

A
B
C
D
E
F
G
H
I
J

525000

550000

575000

600000

Topography

625000

¯

C

_
^

_
^

7100000

7100000

B

E

A

_
^

_
^

G

_
^
F

7075000

_
^
7075000
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Figure 39. Topographic map of Pitjantjatjara Land.
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What to do
•

Airborne regional search
Once a search area has been chosen,
geoscientists do a fast search over the area
using an aircraft carrying a magnetism
sensor, called a magnetometer. This
detects changes in the magnetism of the
rock’s minerals. Highly magnetic rocks are
target areas for metal rich ore minerals,
while weakly magnetic areas are usually
sedimentary basins which may contain
petroleum or coal. The magnetism is caused
by the amount of iron in the minerals,
usually injected from deep underground as
magma along cracks.
The aeroplane flies in parallel lines from
50–1500 m apart, depending on the level
of detail needed. Back at the laboratory,
a computer colour codes the magnetic
measurements according to their intensity.
This makes a coloured map of rock
magnetism.

Colour the parts of the Magnetic Image
Sheet below from the airborne survey of the
exploration area, using the colour key below:
R = red (caused by strongly
magnetic rocks)
O = orange
Y = yellow
G = green
B = blue (caused by very weakly
magnetic rocks)

•

Bad weather forced the pilot to fly the survey
lines in a mixed sequence. To put the flight
lines in the correct order, first print the
magnetic image sheet and then cut along
the dotted lines. Match the magnetic pattern
strips and glue onto a new sheet of paper.

•

Look carefully at the magnetic anomalies and
choose what you think will be the best area
to prospect in more detail for useful minerals.
Draw a black line around this chosen area.

Magnetic Image Sheet
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Stage 2
Regional gravity survey
Accumulations of metal rich rocks are
heavier than average rock, which in turn is
detectable as a higher gravity force in those
areas. Your job now is to colour the gravity
survey map done with a gravity meter and
mark the gravity high with a black line.

INVESTIGATION

Gravity survey sheet
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•

Compare the location of the magnetic and
gravity anomalies. Are they in different places
or similar? What would you expect and why?
Answer: ..........................................................................		
..............................................................................................		
..............................................................................................		
..............................................................................................		
..............................................................................................		
..............................................................................................		
..............................................................................................

Precious metals like gold are measured in parts
per million, which is the same as grams of metal in
each tonne of rock. So one part per million of gold
would be a piece of gold the size of a match head
in a trailer load of sand. For more common metals
the assays are given as parts per hundred, that is a
percentage (%).

Stage 3
‘Up the creek for minerals’ – or
geochemical sampling
Geoscientists also collect sediments
(i.e. dirt) from creek beds, marking the
sampling places on a map or aerial photo.

So 10% zinc is 10 grams in 100 grams of rock
or 10 parts per hundred.

The samples (teapot-sized scoops) are
bagged and later tested in an assay
laboratory to see what types of metals the
minerals contain and their concentration.
If there are metals of interest detected, the
map can be used to track down which rocks
are in the area they came from. The source
rocks are known as the mother lode or ore
body which will be somewhere upstream
from the where the samples were taken.
Note: The sample collection was taken by
a field assistant over the same area as the
magnetic and gravity surveys.

Sample number

% Copper (Cu)

% Zinc (Zn)

ppm Gold (Au)

1

1

2

2

2

2

3

3

3

7

7

8

4

0

1

0

5

2

3

3

6

0

0

1

7

3

4

4

8

1

2

1

9

1

1

1

10

1

2

1

11

3

5

4

12

5

5

5

13

4

5

5

14

0

1

0

15

7

8

9
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What to do
•

•

Match an assay sample number with the
circled number on the Stream Sediment
Survey map. On the map colour in the
corresponding number of squares for
zinc, triangles for copper or circles for
gold. E.g. 3 parts per million gold will be
(lll¡¡¡ ¡¡¡¡¡). Use different colours
for each metal on the map.

•

Answer: .......................................................................................
...........................................................................................................
•

When all the data is entered on the map,
start from the downstream location and go
upstream of each creek to where the metal
assay values are biggest. Shade in the area or
areas, of biggest values for each metal. Is this
the same for all the metals?
Answer: .......................................................................................
...........................................................................................................

INVESTIGATION

‘Up the creek for minerals’ — A stream sediment survey
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Compare these area(s) with the magnetic and
gravity surveys. Do they all point to the same
areas as the best mineral prospect? Can you
give reasons for what you have discovered?

Is there more than one prospective area? If so
are they all the same size? Decide which area
you should survey in more detail. (This would
be a slower and more expensive process in an
actual mineral exploration search).
Discuss your answer with your teacher.
Answer: .......................................................................................
...........................................................................................................

Stage 4

What to do
•

The Ground Magnetic Survey sheet
shows a set of lines (called profiles) along a
series of survey paths. Wherever the profile
bends upwards there is an increase in the
magnetic strength in the rocks. We call these
areas magnetic anomalies. Colour in these
anomalies and label each with a name of your
choice.

•

If the ground is covered by soil, so that no
mineral-rich rock can be seen at the ground
surface, which anomaly would you drill into
for sample gathering? Remember that drilling
is slow and expensive, but is the only way of
getting rock samples from underground.

•

Which anomaly will contain a mineable ore
body? Explain why?

Zeroing in on the ore body
Now that you have found the mineral
prospects area, you will need to do
some detailed exploration surveys to
figure out the exact location, shape,
depth, concentration and size of the
metal-rich rocks. This can be done with a
magnetometer carried by a person who
takes measurements every few paces
as they walk in a grid pattern over the
prospective area.
This will show targets for drilling, which will
bring up samples of rock from underground
to be tested for metal content. In turn
this will show whether open cut or under
ground mining will be needed.

Answer: .......................................................................................
...........................................................................................................

INVESTIGATION

Ground Magnetic Survey - ‘Zeroing in! How BIG and How Deep is the Ore Body’?
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•

Go to the Diamond Drill Core Log Sheet and
cut out the drill core log strips for each hole.

•

You will see that only the gold assay has been
completed at this stage. It is shown as a wavy
line down the drill core sample log indicating
gold concentration in parts per million.
•

Tape each drill log strip to the length of a
drinking straw, put a small piece of blue tack
or plasticine on the bottom end of the straw
and stand the drill log on the corresponding
Diamond Drill Hole (DDH) number on the
Ground Magnetic Survey sheet.

Which anomaly has the gold ore body?
Explain why. Is it the same anomaly you chose
before you looked at the drill hole assays?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

•

Look at the gold concentration values across
the drill hole logs and try to describe the
shape of the ore body.
Answer: .......................................................................................
...........................................................................................................

INVESTIGATION

Diamond Drill Core Log Sheet

•

Is the ore body flat or steeply dipping?
Answer: .......................................................................................
...........................................................................................................

•

Should it be mined by open cut or by
underground tunnels and drive shafts?
Answer: .......................................................................................
...........................................................................................................
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•

What else would you need to know before
deciding about mining?
Answer: .......................................................................................
...........................................................................................................

GEOSPHERE

GEOSPHERE

Using Geophysical Survey Methods to find Economic
Earth Resources - ‘Buckminster County’
Introduction
It is rare to use one sensing method
alone to prospect and establish likely
anomalies of economic significance. It is
more usual to select several, each with
special capabilities, to build a picture of the
characteristics of the hidden ore deposits.

Questions
Geological Interpretation
1.

Refer to Buckminster County aerial
photograph on page 138, overlay it with
tracing paper and outline the major outcrops
forming the geologic structure(s) seen.

2.

The geologic structures which form the ovalshaped mountain ranges are most likely a

Purpose:
1.

To integrate aerial photography, geologic
mapping, gravity surveying and seismic
reflection surveying.

2.

Locate potential economic deposits.

3.

Evaluate data and propose what type of
deposit it may be.

4.

Calculate the anomaly’s:

5.

•

depth by Tiberg’ s Rule.

•

depth by Seismic Data.

•

mass

•

volume

•

density

Describe the sequence of geologic events by
which this anomaly has formed.

3.

a.

Volcanic crater; or,

b.

uplifted/eroded strata; or,

c.

meteoric impact crater.

Choose which one you think is correct and
briefly explain why?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

4.

Choose one prominent range of 		
hills, and after tracing its top and bottom
boundaries highlight it in colour.

5.

Place a strata dip symbol ( ) on this outcrop’s
Northern, Southern, Eastern and Western ends
of the oval’s structure.
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Part A.
In this case study simulation we will combine:
•
Aerial photography
•
Geologic mapping from aerial photography
•
Seismic reflection surveying
•
Gravity surveying
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What is the geologic name most appropriate
for such a structure?
Answer: Crater Ring Dome Circle Diapir

Part B.
Gravity Interpretation
8. Refer to the Buckminster County Gravity
survey grid on page 141 and plot the data
using the “3D” computer graphing program.
•
•
•
•
•
9.

To display data for your interpretation:
Enter data set into Microsoft Excel.
Click on (lnsert)
Choose (Area)
Choose (All Charts)
Choose (Surface)
Compare the anomaly’s position with the
aerial photo of the geological outcrops. (Give
grid references).
Answer: .......................................................................................
...........................................................................................................

10. Does the anomaly(ies) have a positive or
negative tendency?
Answer: .......................................................................................
...........................................................................................................
11. Is the anomaly indicative of a higher or lower
density rock, contrasting with the surrounding
host rocks?
Answer: .......................................................................................
...........................................................................................................
12. Refer to the data table of rock density below,
and suggest what rock type caused the
density contrast to produce the anomaly.
Answer: .......................................................................................
...........................................................................................................
13. a.

Choose an appropriate traverse and 		
construct a gravity cross-section profile.

b.

Use Tiberg’s rule to calculate the 		
depth to the anomaly producing body.

g max.

g½

g min.

X
/ / / // / // // /// / / // // / / /// / / // /// // // / // /// // / /// //

Distance

Z

Ground surface

gg½½
½½
ZZ == 1.3 x×XXwhen
wheng max. = =
g max.
(ie. when the anomaly has fallen to ½ of its maximum strength,
(i.e. when the anomaly has fallen to ½ of its maximum strength,
then Z (depth) = 1.3 x X (half width of anomaly).

then Z (depth) = 1.3 × X (half of anomaly).

14. Given that gmax - gmin =

γ×M
Z2

Where:
gmax
= maximum ‘g’ value on the graph 		
profile
= minimum ‘g’ value on the graph 		
gmin
profile
γ
= universal gravitational constant
= 6.67×10-8 cm, gms, sec. (cgs units).
M
= excess mass of anomaly body 		
due to its density difference to
surrounding host rocks
Z
= depth to anomaly body
15. Calculate the value for M.
Answer: .......................................................................................
16. What would be the units of this mass excess?
Answer: .......................................................................................
17. Since P =		

Mass

Volume

then volume of ore body =

INVESTIGATION

7.

Tiberg’s rule

}

Draw an east west and north south crosssection of the oval structure.

Field Intensity (g)

6.

Mass Excess
P - P1

2
Where:
P2
= density of anomaly body
= density of surrounding host rock
P1
M
= excess mass of anomaly body over 		
host rock

18. Calculate the volume (i.e. size) of the anomaly
body.
Answer: ......................................................................................
..........................................................................................................

Department for Energy and Mining

139

Earth and Environmental Science Summer School 2018 Course Handbook

Rock Density
Rock Type

Average Density

Sedimentary
Igneous
Metamorphic
Metallic Ore
Salt Domes

2.2
3.0
2.7
3.9
1.3

Part C.
Introduction
A seismic survey sends compression waves into
the ground from a vibrating platform under a
truck. Echoes come back to the surface as the
compressions bounce off the top surface of each
underground rock layer.
Seismic Reflection Interpretation
19. Refer to the Buckminster County Seismic
Reflection Profile E-W 10 on page 142, and
outline on tracing paper the anomaly causing
body.
20.

a. What do the horizontal layers on 		
either side represent?

INVESTIGATION

Answer: ...............................................................................
...................................................................................................
...................................................................................................
b. Why do they fold upward near the 		
margins of the central body?
Answer: ...............................................................................
...................................................................................................
...................................................................................................
21.

a. What economic resource would be 		
found associated with such a structure?
Answer: ...............................................................................
...................................................................................................
...................................................................................................
b. Indicate where it would most likely be
located.
Answer: ...............................................................................
...................................................................................................
c.
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Explain why?

Answer: ...............................................................................
...................................................................................................

Type of Anomaly when Surrounded by
Sedimentary Rock
0
+VE
+VE
+VE
-VE

22. Give a likely sequence of geologic events
responsible for the formation of this structure
as seen in the aerial photo, gravity survey and
seismic profile.
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
23.

a. Would this be a suitable place for 		
burying nuclear waste?
Answer: ...............................................................................
...................................................................................................
...................................................................................................
b. If we assumed it was suitable, describe
where would be the best location for this?
Answer: ...............................................................................
...................................................................................................
...................................................................................................
c. Explain why you would choose 		
this location, i.e. what factors would have
to be considered?
Answer: ...............................................................................
...................................................................................................
...................................................................................................

Bonus Question

✓

Calculate the depth to the anomaly centre
using the two-way echo trace. Compare
with depth calculated using the gravity
profile, and comment.

INVESTIGATION

“Buckminster County” - Gravity Survey Grid
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“Buckminster County” - Seismic Reflection Profile, E-W 10

142

GEOSPHERE

- by Sandra Menpes, Petroleum Geologist SANTOS 2018

Background
You are a petroleum exploration geologist
working for CRA Exploration and have just
finished drilling a petroleum exploration
well, Arkeeta 1, in the Phillipson Trough
of the Arckaringa Basin. When the well
was being drilled, you collected and
bagged rock cuttings samples from the
drilling mud every 3m drilled. Arkeeta
1 intersected 9m of surface sediments,
38m of Jurassic sediments and 1270m of
early Permian sediments before drilling
into Mesoproterozoic volcanic rocks
(‘basement’).
Your manager has asked you to find out if
there are any layers of organic rich shale
in the early Permian sediments. If there
are, find out if those layers have generated
hydrocarbons. In response you have
reviewed your descriptions of the 3m rock
cutting samples from Arkeeta 1 and have
identified dark grey to black shale intervals
that may be potential source rocks. You
have sent these samples to a service
company called Amdel for total organic
carbon analysis and “Rock-Eva!” pyrolysis
and you now have the results of these
analyses.

Review the analytical results that you have received
from Amdel on page 144. In particular have a
look at the column Total Organic Carbon (TOC),
the Hydrogen Index (HI) column - a measure of
hydrogen richness the Tmax column provides an
indication of the ‘maturity’ of the sample.
Questions
1.

In the TOC column, identify and highlight
samples where the organic carbon content
would be considered excellent (that is > 4% by
weight). What is the interval and thickness of
the organic rich zone?
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................

2.

Look at the HI values of the organic rich
interval you have highlighted - what type of
hydrocarbon might be generated at peak
thermal maturity?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

3.

Now look at the Tmax values of the organic
rich interval you have highlighted - is the
interval likely to have generated a lot of oil?

INVESTIGATION

Permian source rocks in the
Arckaringa Basin

What to do

GEOSPHERE

Petroleum Geology

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
4.

Assuming the organic rich interval is regionally
extensive, what conditions in other parts of
the basin might push the organic rich zone
into the oil generating window?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
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5.

Plot the Tmax and HI results for the organic
rich zone on the Tmax vs HI cross plot
template on page 145. This is a useful visual
representation of the organic geochemistry
data.
Write a brief summary and recommendations
for your manager.

INVESTIGATION

...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

144

...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

Source rock type

INVESTIGATION

Source rock
type

Source rock
type
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GEOSPHERE

Geophysics - Seismic Survey Using A Hammer

Introduction
A simple seismic survey using a hammer as
a seismic source is used to find the depth of
the top layer (or two) of the ground without
drilling or trenching.

The shock wave velocities can be
calculated, because the travel time and
distances to the geophones are displayed
on the recording.

The hammer impacting a strike plate sends
a shock wave into the ground. On impact,
a switch on the hammer sends a signal to
the recorder to start recording. The wave
arrival is detected and recorded by each
successive geophone it passes, which are
spaced at known regular intervals from the
original impact.

For two layers of earth, typically one
wave travels along the surface (called the
Direct Wave) to the geophones. A second
component of this wave goes into the
second layer (the Refracted Wave) which
usually travels faster due to compaction of
the earth. At some point the refracted wave
catches up with the direct wave because it
travels faster along the layer interface as
shown in the diagram.

A geophone is like a microphone, where a
coil moves in a magnetic field to produce
an electric current corresponding to the
vibration of the ground. The recorded
signal is displayed on the screen and can be
printed on paper.

Geophones on ground surface

Surface waves

Refracted waves
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If we graph the arrival times against the
geophone distances we get a straight line
graph with a change of slope at the point
where the refracted wave arrives first. This
is called the cross over point, indicating
two earth layers of different seismic-wave
velocities.

LAYER 0

LAYER 1

Equipment
•
Seismograph recorder, made by OYO
•

12 Volt battery

•

6 geophones i.e., 6 recording channels

•

Geophone cable with yellow connector nodes

•

Sledge hammer

•

Strike plate

Power from battery

Suggested procedure
Familiarise yourself with the control panel of the
recorder unit before proceeding, using the diagram
below. Refer to the OYO manual for more details.
Choose an open, unpaved area away from roads
and other sources of ground vibrations.
Choose a seismic line direction of approximately
30 metres length. In any case it should be
approximately three times the estimated depth of
the top layer. Decide the geophone spacing: 2 m or
4 m.

Power switch

Hammer and strike plate

Geophone line

12 volt battery

Delay set at zero
Range 200 m/sec
Print screen trace

Clear memory

Figure 40.

INVESTIGATION

Print out

Seismograph recorder.
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Deployment of seismic equipment

Data collection and interpretation

1.

Connect each of the following to the recorder
unit:

•

Geophone line with a dark green plug to the
control unit and two plugs at the other end
to the geophone line of yellow nodes. The
red plug connects to the red plug end of
the geophone line and the black plug to the
black plug end (red is for 2 metre spacing of
geophones and black is for 4 metre spacing).

The arrival time is where the seismic trace wiggles
start moving up and down. Mark these on the
paper record and measure the time for each trace.
Note: if the screen sweep is 200 m/sec the space
between each vertical line represents 4 m/ sec.

•

To make a six channel array collect six
geophones and clip each onto the yellow
nodes at the selected interval.
Strike plate connections:
• alligator clip to strike plate bolt
•

slide clip to hammer

• two double banana plugs to recorder
unit panel.

INVESTIGATION

Note: the times must be converted to seconds from
milliseconds before graphing by dividing each reading
by 1000.

•

Locate the strike plate not more than 50 cm
from the first geophone.

•

12 volt battery to the recorder unit and clips
to the battery terminals (black to negative and
red to positive).

2.

Switch power to the On position.

3.

Set the sweep range of the screen display to
200 m/sec.

4.

Strike the metal plate with the hammer.

5.

Push the ‘Record’ button for a paper printout
of the data.

6.

If the print is blank, adjust the printer head
pressure with the thumb wheel under the
printer cover plate.

Time of arrival of shock waves in seconds

•

Plot the arrival times on graph paper with the
vertical axis as wave arrival Time and horizontal axis
as Distance of geophones from strike plate. The
graph will resemble the one below, which indicates
two layers of earth.

V1 layer
T intercept

V0 layer
D cross over
Distance of geophones from strike plate in metres

Calculations
Using V=D/Time calculate the velocity V0
and V1 of shock waves in the two layers by
finding the Distance and corresponding
Time segments on the graph.
V0 = .............../............... m/sec
= .................... m/sec
V1 = .............../............... m/sec
= .................... m/sec
D cross over = .................... m
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Calculate the depth of layer 1 using the
formula
Depth of layer 1 at Dcross =

D cross over
2
Now substitute your values into the formula
Depth of layer 1 at Dcross =

Depth of top layer is ............... m

The table below gives approximate values of wave
velocities in various rock types. This gives a guide to
construction companies as to the ‘rip ability’ of rock
layers when doing excavation work.

Check your answer by using the alternative
equation below.

Which rock type best fits the rock layers you have
conducted your survey in?

...... cross over
2

V1TV
TTi intercept
i0
d=
2 2 2

V1 V0

> Where T intercept = Time at the cross over
point on the graph.

Answer: ...................................................................................................
......................................................................................................................
Layer 1 is: ...............................................................................................
......................................................................................................................
Layer 2 is: ...............................................................................................
......................................................................................................................

d = ............... m

Rock group

Type

Wave velocity m/sec

Sedimentary

Soil – loose to compacted

300–600

Sand – loose, wet

600–900

Gravel – compacted

900–1200

Sandstone – soft

1500–1800

Sandstone – hard

1800–3000

Limestone – weathered

1800–3000

Limestone – solid

3000–4600

Granite

4600–6000

Gabbro

4600–6000

Basalt

4600–6000

Schist

900–2300

Slate

900–2300

Gneiss

4600–6000

Coal

900–2500

Iron ore

900–2700

Igneous

Metamorphic

Economic formations

Department for Energy and Mining
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Practice Problem

INVESTIGATION

Distance from shock
point to 9 geophone
array in metres

150

Shock wave travel
time in milliseconds

1

3.0 = .......... seconds

2

6.0 = .......... seconds

3

9.0 = .......... seconds

4

9.8 = .......... seconds

5

10.7 = .......... seconds

6

Plot the data on the graph sheet and calculate
1.

Number of layers

11.5 = .......... seconds

2.

Wave velocity of layers

7

12.4 = .......... seconds

3.

8

13.2 = .......... seconds

The D cross over i.e. the distance of the cross
over point in the graph

9

14.0 = .......... seconds

4.

The depth of the top layer

5.

The probable rock type

GEOSPHERE
AC TIVIT Y

Oil And Gas Formation

The accumulation of bodies of microscopic
plants and animals on the sea floor that
have been covered by sand and clay over
millions of years forms oil and gas, also
known as petroleum.

How does an oil trap work?

What to do

Lighter things always rise above other things. For
example, where does the gas go to when you open
a bottle of fizzy drink? Or what happens to a cork
dropped into water?

Print the Flip Book 1 picture sheets, then cut out all
the pictures. Stack the numbered pictures for each
trap type with 1 at the bottom through to largest
number at the top. Pick up the set of pictures
for each trap and tamp down the pictures at the
bottom edge before stapling along the top.

Oil is lighter than water, and gas is lighter than oil.
If they are found together in porous rock made of
sand particles they will separate into layers.
The following flip books will show how three
different types of traps develop.
The movements in the rock layers happen due
to the weight of sediments in basins making the
earth’s crust buckle and sag. This causes squeezing
forces which can also break rock layers known as
faulting. This allows the petroleum to rise into the
higher places. Light salt deposits will also float
upward through layers of sand and clay, like an air
bubble through honey, slowly dragging the sand
layers upwards for the petroleum to float into.

With your thumb along the bottom edge of the
picture, allow the pictures to flip freely to animate
the picture story of petroleum formation.
Do the same for the other two Flip Books.

Department for Energy and Mining
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In these places called sedimentary basins,
the petroleum is squeezed out of the clay
layers into the tiny holes between the
sand grains of the sandstone layers. If the
petroleum can’t move any further than the
sandstone layers, we say it is in an oil trap,
or petroleum trap.
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Flip Book 1
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Flip Book 2
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AC TIVIT Y

Flip Book 3
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AC TIVIT Y

Flip Book 4
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AC TIVIT Y

Flip Book 5
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AC TIVIT Y

Flip Book 6
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You will need

Example

•

A pen

•

A printed copy of this investigation

When muddy water drains into a lake or ocean,
the water comes to a stand-still, which allows the
sedimentary mud to fall to the bottom. This is
repeated for as long as water flows from creeks into
the lake, forming a new sediment layer each time.
Eventually the soft sediments harden into rock,
either by having the water squeezed out of them
and/or by having the sediment particles cemented
together by chemicals dissolved in the water
crystallising around them. These chemicals are
what one would taste as the ‘salt’ in sea water.

Burial, compaction
and lithification

Deposition

Transport

Weathering and
erosion

INVESTIGATION

The usual way of telling time is to have a look at
records like birth certificates. While rocks don’t have
these types of documents, they do carry markings
that can be used to work out the time order of
events in their history.

GEOSPHERE

Forensic Geology - Clues In Rocks That Tell When
Geologic Events Happened

Department for Energy and Mining
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Questions
1.

2.

Below is a rock sample drilled with a diamond
coring bit from the sediments after they had
turned into solid rock. Where would the oldest
sediment layer be? Assume there has been no
earth movement since the sediments settled
from water.

The photo below shows rocks in Kings
Canyon, Northern Territory. The patterns on
the surfaces could be:
a) scratches made by tourists climbing up the
slopes
b) tracks made by sheep walking in single file
around the hill

Answer: .......................................................................................

c) corrugations made by cars driving along 		
the bush tracks

Where would the youngest layer be?

d) ripples made by moving water before the
sediment hardened to rock

Answer: ........................................................................................

e) scratches made by ice movement during a
past ice age.
Choose the most correct answer and explain
why you chose it.

INVESTIGATION

Answer: ........................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

Photo courtesy of Rae Whiting.

3.

Do these markings form at the top, middle or
bottom of a layer of sand.
(Hint: Think of what you would see at the beach.)

Sometimes flat lying sediments on a shallow seabed can be folded, faulted, uplifted and tilted by
movements in the thin outer crust of the earth. This
is powered by the energy of the moving hot rock
layer under it called the upper mantle. This is how
rocks containing fossils of sea creatures get to be at
the tops of mountains.
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Answer: ........................................................................................
...........................................................................................................
...........................................................................................................

4.

Place the following processes of formation of
the Kings Canyon rocks in the order that they
occurred:
Tilting, hardening (lithification), uplift,
sedimentation.
Youngest: ....................................................................................
...........................................................................................................

5.

As in Question 4, for each of the Earth crosssection images below, list the processes that
the rocks have gone through in order of oldest
to youngest.
a) Faulting, lithification, sedimentation
b) Magma formation, sedimentation,
intrusion and volcano formation.

Oldest: ..........................................................................................
...........................................................................................................

Youngest ...................................
.........................................................
.........................................................
.........................................................
Oldest .........................................
.........................................................
.........................................................
.........................................................

Youngest ...................................
.........................................................
.........................................................
.........................................................
Oldest .........................................
.........................................................
.........................................................
.........................................................
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Sometimes old erosion surfaces can be downwarped and have more sediment deposited on
them before being pushed up again, with rocks
cracking or faulting. This is because the Earth is a
very active planet, driven by mobile magma under
the crust. The magma can also inject itself through
the crustal rocks and if it surfaces, form volcanoes.
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Forensic Geology - Rocks Gone Missing Or Gaps In Time

Introduction
A cliff face shows the rock patterns
remaining from geologic processes which
have taken place over a long time as
sketched by a geologist.

You will need
•

A pen

•

A printed copy of this Investigation

Rock type key

Mudstone – made from clay
Sandstone – sand

Activity

Conglomerate – gravel
Limestone – calcium carbonate from
shells or dissolved in water

Your task is to figure out the sequence of events
in the order in which they happened and record
them in the ‘crossword-like’ spaces provided below.
This is called the geologic history reconstruction.

INVESTIGATION

The geologist recorded the names of the processes
but was unable to figure out the order in which
they happened:
Unconformity
Tilted & Uplifted
Sedimentation Cycle1
Sedimentation Cycle2
If all your answers are correctly entered they will
make a word in the vertical set of thick lined boxes.

Fossiliferous
V

V

V

V

V

Lava and ash – which reaches the
ground surface by volcanism
Tillite – glacier sediment
GRANITE INTRUSION – molten rock
which cools and sets hard underground
FAULTING and UPLIFT
Baking of rocks contacted by granite
Unconformity – a buried land surface.
Rock layers are lost to EROSION.
This makes a gap in the time record.
Drillhole – DH0, 1, 2 etc

Challenge!
Using the same 4 geologic processes, make
your own sequence and draw it in crosssection.

Most recent
geologic process

&
Oldest geologic process
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Forensic Geology - Making An Animation Flip Book Of
Geologic Events
You will need:
•
A pen

Introduction
Below are views of rocks called crosssections, similar to what you would see in a
road cutting wall.
Sediments like gravel, sand, mud, lime and
bits of plants and animal bodies can be
deposited from water, ice and wind onto
sea and lake bottoms.

•

Scissors

•

Printout of the cross-section views

Rock type key

Mudstone – made from clay
Sandstone – sand

Thin crustal rocks can be squeezed,
stretched, uplifted and fractured by the
forces from the hot mantle layer moving
below.

Conglomerate – gravel
Limestone – calcium carbonate from
shells or dissolved in water
Fossiliferous
V

V

V

V

V

Lava and ash – which reaches the
ground surface by volcanism
Tillite – glacier sediment
GRANITE INTRUSION – molten rock
which cools and sets hard underground

Activity

Baking of rocks contacted by granite
Unconformity – a buried land surface.
Rock layers are lost to EROSION.
This makes a gap in the time record.
Drillhole – DH0, 1, 2 etc

Cross-section view

V

Sedimentation

V

V

V

V

V

Sedimentation

Sedimentation

V

V
V

V

Folding and uplift

V

V
V

Erosion

V

V

V

V
V

V

V

V

V

V

V

V

V

Magma intrusion
and lava flow

V

Sedimentation
V

V

V

INVESTIGATION

FAULTING and UPLIFT

Cut out the cross-section views of the processes
which have changed the rocks in this locality over
a period of time. Then place them in a pile with the
oldest process on the bottom to the youngest on
top to make a flip-book animation.

Sedimentation

Department for Energy and Mining
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Forensic Geology - Faults

Introduction
The rocks shown in the diagram were
exposed by a bulldozer making a cutting
through a hilltop during road Construction.
The engineers called in the geological
Survey to map the rock formation and use it
for their geological history construction of
the area.
The assigned geologist made a sketch of
the rocks in the road cutting and wrote
some notes.

You will need
•
A pen

INVESTIGATION

•

A printed copy of this Investigation

Activity
This geologist was promoted to a new position, so
the job of figuring out the sequence of geological
events shown by the rocks has been passed on to
the junior geologist, which happens to be YOU!

Geologist notes
There is evidence of two SEDIMENTATION
cycles, FAULTING, INTRUSIONS of GRANITE and
EROSION, in the rocks shown in the cross-section
diagram.
Note to self: Sediments are always deposited in
horizontal layers. When seen at other angles, this
is evidence of deforming forces in the earth having
moved them.

Write the names of the geological processes in
order in the crossword boxes provided. If all your
answers are correctly entered they will make a word
in the vertical set of thick lined boxes.

Most recent
geologic process

&
Oldest geologic process
170
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You will need

Introduction
During the construction of a hospital,
bulldozers were used to cut into the side of
a hill to make a flat area for the foundation
laying. The rocks which were exposed
are shown in the diagram sketched by
the assigned geologist working with the
engineer.

•

A pen

•

A printed copy of this Investigation

GEOSPHERE

Forensic Geology - Intrusions And Volcanoes

The cross section shows many geologic
processes have taken place in this
location including, in no particular order,
several SEDIMENTATION cycles, EROSION,
VOLCANIC ACTIVITY, FOLDING & UPLIFT.

Activity

INVESTIGATION

Assume you are the Geologist. What is the first
problem the engineer should be made aware of in
building the hospital here?
Answer: ....................................................................................................
.......................................................................................................................
.......................................................................................................................
Write the names of the geological processes in
order in the crossword boxes provided. If all your
answers are correctly entered they will make a word
in the vertical set of thick lined boxes.

Most recent
geologic process

&
T
E

Oldest geologic process
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Forensic Geology - Is It Safe To Live On These Rocks?
You will need
•
A pen

Introduction
A movie star bought this land and was
looking at the possibility of building a
house on the left side of the property to
overlook the land to the right. He had
several bore holes drilled for water supply.
The geologist working with the drillers
logged the rocks and structures intercepted
by the drilling. The geologist started to
produce a 3-dimensional picture of the
rock formations extending underground by
connecting the rock formations between
drill holes. This is called interpolation.

•

A printed copy of this Investigation

Rock type key

Mudstone – made from clay
Sandstone – sand
Conglomerate – gravel
Limestone – calcium carbonate from
shells or dissolved in water
Fossiliferous

V

V

V

V

V

GRANITE INTRUSION – molten rock
which cools and sets hard underground

Activity 1

FAULTING and UPLIFT

INVESTIGATION

The geologist did not complete the interpolation
so your first job is to do that on the 3-D diagram.

Baking of rocks contacted by granite
Unconformity – a buried land surface.
Rock layers are lost to EROSION.
This makes a gap in the time record.
Drillhole – DH0, 1, 2 etc

DH0
V

V

V

House
site
DH1
V

V

DH2
V

V

V

V
V

V

V

V

V

V
V

V

V

V
V

V

V
V

V

V

V

V

V V
V

V

V

V

V
V
V
V
V
V

V

0

V
V

50

100

V
V

150

200

V

250 metres

DH3

V
V
V

DH5

V

V

V

V
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Lava and ash – which reaches the
ground surface by volcanism
Tillite – glacier sediment

V

V

V

V

V
V

V

V

V

V

DH4

V

V

V
V

Activity 2
Decide on the geological processes which
are evident in the rocks and write them in the
crossword boxes provided. If all your answers are
correctly entered they will make a word in the
vertical set of thick lined boxes. Some clues are in
the Rock type key.
Activity 3
What geological process has formed the high
ground on the left hand side of the property? Is this
a problem for the future?
Answer: ...................................................................................................
......................................................................................................................
......................................................................................................................

Activity 4
Use the scale to estimate how much the ground
moved.
Answer: ...................................................................................................
......................................................................................................................
......................................................................................................................
Activity 5
If water is best found in layers of sandstone, how far
down would it be in DH2 and DH5?
Answer: ...................................................................................................
......................................................................................................................
......................................................................................................................

Most recent
geologic process

&

F O L D I N G & U P
G R A
I N T R U

T

Activity 6
Which drillhole would best serve the house needs?
Answer: ...................................................................................................
......................................................................................................................
......................................................................................................................
Activity 7
Which drillholes may be able to supply energy from
underground?
Answer: ...................................................................................................
......................................................................................................................
......................................................................................................................

Activity 8
What would your recommendation be to the landowner’s dream of building on the raised ground on
the left of the 3-D diagram?
Answer: ...................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................

INVESTIGATION

Oldest geologic process

What is this energy called?
Answer: ...................................................................................................
Explain how it could be used.
Answer: ...................................................................................................
......................................................................................................................
......................................................................................................................

Department for Energy and Mining

173

INVESTIGATION

Geologic mapping of strata from aerial images

Part A.
Questions
1.

Place dip symbols on a prominent mountain range
outcrop, then do a cross-section North-South and
another East-West to determine what type of structure
this is.
Answer: .........................................................................................................
.............................................................................................................................
.............................................................................................................................

2.

Why could this be a prospective petrolum bearing site?
Answer:...........................................................................................................
.............................................................................................................................
.............................................................................................................................

Figure 41.

Part A. Aerial photo interpretation.
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Part B.
Questions
1.

Place dip symbols on the remaining structures to
the botteom South-West corner of the image and do
cross-sections to determine what type of structures
these are.

INVESTIGATION

Geologic mapping of strata from aerial images

Answer: .........................................................................................................
.............................................................................................................................
.............................................................................................................................

Figure 42.

Part B. Aerial photo interpretation.

Department for Energy and MIning
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GEOSPHERE

Introduction
Sediments such as mud, sand and gravel
tend to settle to the bottom of a lake or
ocean because only moving water or air,
have the energy to move them from place
to place. Here they settle in time order,
with the oldest layers of sediments at the
bottom and the younger progressively
toward the top. This order is given the
name stratigraphic sequence.

You will need
•
A pen
•

A printed copy of this Investigation

GEOSPHERE

Forensic Geology - Sequencing Rocks In Order Of
Formation

The following diagrams are cross-sections
or cut-aways into the earth showing rock
formations for you to unravel the geologic
processes which have made them. Your job
is to figure out which rocks formed first,
second and so on. Place their symbols in
time order in the stratigraphic sequence
column along the left hand side of each
section.

Figure 43. Fault drag folds. What came first the folding,
sedimentation of earth quake?

If you’re feeling brave at the correct
point in time, insert the label (faulting,
folding or intrusion) which applies in that
stratigraphic sequence.

INVESTIGATION

Events such as earthquake faulting, folding
or intrusions from magma, happen to rocks
on earth and leave their mark on the rocks
as evidence of their occurrence.

Figure 44. Folds at Hancock Gorge. What came first, the
sedimentation, folding or tilting?
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GEOSPHERE

INVESTIGATION

GEOSPHERE

Forensic Geology - Overfolds

Introduction
More often than not, sediments are
deposited in horizontal layers eventually
forming horizontal layered rock.
Sedimentary rock layers in other positions
are assumed to have been moved or bent
by forces in the earth.
It is also assumed that all the rock in the
same layer (or bed) is the same age, as are
the fossils it may contain.
The rock outcrop pattern in a beach cliff in
the image below was photographed by a
geologist as part of her field notes record. A
diamond drill hole was made from the top
of the cliff to the bottom. If we could see
through the rock to the drill hole it would
look like the open cross-section. The rock
core was taken from the middle length of
the hole for further study in the laboratory.

You will need
•
A pen
•
A printed copy of this Investigation
Question 1
What has happened to these rock layers to make
this outcrop pattern, since they were deposited as
sediments? (Hint: Were the sediments stretched, or
faulted, or compressed, or intruded?)
Answer:....................................................................................................
......................................................................................................................
......................................................................................................................
Question 2
The various layers in the drill-hole section have
been given a letter. Your job is to decide which
letter sections belong to the same layer of rock and
write the answers below. (Hint: It may help for you
to trace each layer boundary around in pencil, on a
printed copy of this outcrop.)

A

Answers:

B

__

=

G

__

=

F

C
D
E

__

=

E

F
G

D

=

D
Figure 45.
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Diamond drill hole, open cross-section.

Question 3
Layers D, E, F, and G showed the presence of the
fossils displayed below. Are these in time order of
formation? Explain your answer. You may need to
use the geological time scale to figure this one out.

Youngest rock
layer

Answer:....................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
Question 4

D

E

F

G

Photos courtesy of John Mignone.

Oldest
rock layer

Question 5

Question 7

In the time interval represented by the rocks in D
and E, was the environment at this part of the earth
glacial, terrestrial (dry land), volcanic, marine?

Evidence in the rocks prove the environment has
changed in this location. How could this happen?

Answer: ...................................................................................................
......................................................................................................................
Question 6
Similarly what type of environment would there
have been at the time F and G formed?
Answer: ...................................................................................................
......................................................................................................................

INVESTIGATION

Draw the fossils in the blank boxes in time order of
youngest at the top to oldest at the bottom.

Answer: ...................................................................................................
......................................................................................................................
Question 8
Why are older fossils found overlying younger
fossils in bedding layer D, E, F, G?
Answer: ...................................................................................................
......................................................................................................................
......................................................................................................................
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BIOSPHERE
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BIOSPHERE

Many creatures we see today such as
lizards, lions and elephants look different to
each other, but have similar body parts just
in different proportions. The same is seen
in the bodies of fossilised animals from
millions of years ago. The study of body
parts is called Anatomy. This investigation
is about comparative anatomy of fossilised
creatures.

•

Since the fossils broke up while the
palaeontologist was digging them out of the
ground, your job is to print the pictures of the
pieces, cut them out and reassemble the fossil.

•

To make sure the two fossils are not mixed
together, cut out and assemble each fossil
separately pages 186, 192, 198, 202, 206 and
210.

•

Glue these onto blank sheets of paper.

•

Complete the corresponding line drawings
from the palaeontologist’s field notebook on
pages 188, 194, 200, 204, 208 and 212.

•

Choose a different colour for each body part
and colour them in on the line drawing,
using the key to record all your colours of
corresponding parts.

INVESTIGATION

Introduction

What to do:

BIOSPHERE

Similarities of Fossil Body Parts

Figure 46. Fossil Dig Site,
South Australia. Images
courtesy of John Mignone.

Question
Mum and children
searching for:
..............................................
Can you guess what
fossil it is?

Department for Energy and Mining
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Name: CSOOMPGUSNATH _ _ _ _ _ _ _ _ _ _ _ _ _
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INVESTIGATION

Line drawing of fossil
COLOUR KEY

BODY PART
Upper jaw
Lower jaw
Teeth
Backbone
Ribs
Hip bone

Thigh bones
Shin bones
Feet
Upper arm
Lower arm
Hands
Eye sockets
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Questions
1.

Compare and contrast the two fossilised
creatures’ bodies parts.

Similarities

Differences

......................................................
......................................................
......................................................
......................................................
......................................................

......................................................
......................................................
......................................................
......................................................
......................................................

2.

Look at the backbone carefully, draw two
vertebrae that are next to each other and
decide whether they are interlocking or flat
discs?
Answer: .......................................................................................
...........................................................................................................

3.

How would this be useful to the creature while
alive?
Answer: .......................................................................................
...........................................................................................................

10. When did these creatures live? See the
geological time scale for clues on page 217.
Answer: .......................................................................................
...........................................................................................................
11. Which period of Geologic time did they live
in? Hint: Use the Geologic time scale.
Answer: .......................................................................................
...........................................................................................................
12. Were they dinosaurs, birds or reptiles?
Answer: .......................................................................................
...........................................................................................................

Bird hipped
dinosaur

illium

pu

bis

m

hiu

m

isc

hiu

isc

5.

Lizard hipped
dinosaur

illium

Answer: .......................................................................................
...........................................................................................................
Was each creature a runner, flyer or swimmer?
Answer: .......................................................................................
To reconstruct the flesh of the creatures on
the line diagram, add muscles in proportion
to their function and bone size they attach to.
Then enclose with an outline of skin.
6.

Was it likely to be agile or sluggish in its
movements?
Answer: .......................................................................................

7.

What evidence is there?
Answer: .......................................................................................
...........................................................................................................

8.

Was the animal a carnivore (a meat eater) or
herbivore (a plant eater)?
Answer: .......................................................................................
...........................................................................................................
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Answer: .......................................................................................
...........................................................................................................

bis

The size of the bones and the muscle ligament
attachments are a good guide as to the size of
muscles and the mobility of an animal. Did this
creature move on two or four legs?

How would it have used its front legs?

pu

INVESTIGATION

4.

9.

‘bird-hipped’
‘lizard-hipped’

13. Do you think they may have any descendants?
Answer: .......................................................................................
...........................................................................................................
14. If it has descendants explain how it differs
from them?
Answer: .......................................................................................
...........................................................................................................
15. Draw the pelvic bones, also known as the
hip bones, and compare with those in the
diagram below, before answering the next
question. If you think either is a dinosaur,
which group would it belong to, according to
the shape of hip bones shown in the diagrams
below?
Figure 47. Allosaurus foot at the South Australian Museum of
Natural History. Courtesy of John Mignone.

INVESTIGATION

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

Image courtesy of National Geographic.
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Name: AAEORYPTEXRCH _ _ _ _ _ _ _ _ _ _ _ _ _
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Line drawing of fossil
COLOUR KEY

BODY PART
Upper jaw
Lower jaw
Teeth
Backbone
Ribs
Hip bone

Thigh bones
Shin bones
Feet
Upper arm
Lower arm
Hands
Eye sockets
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Questions
1.

9.

Compare and contrast the two fossilised
creatures’ bodies parts.

Similarities

Differences

......................................................
......................................................
......................................................
......................................................
......................................................

......................................................
......................................................
......................................................
......................................................
......................................................

2.

How would it have used its front legs?
Answer: .......................................................................................
...........................................................................................................

10. When did these creatures live? See the
geological time scale for clues on page 217.
Answer: .......................................................................................
...........................................................................................................
11. Which period of Geologic time did they live
in? Hint: Use the Geologic time scale.

FOSSILS

Look at the backbone
carefully, draw two
Suitable
vertebrae that arefor
next
to each other and
year
decide whether
they
are interlocking or flat
5-12
students
discs?

Answer: .......................................................................................
...........................................................................................................
12. Were they dinosaurs, birds or reptiles?

Answer: .......................................................................................
Answer: .......................................................................................
investigation
Similarities of fossil body
parts
...........................................................................................................
...........................................................................................................
3.

How would this be useful to the creature while
alive?
used its front

13. Do you think they may have any descendants?

have
9. How would it

Answer: .......................................................................................
legs?
....................................................................................................................

6.

......................................................
illium
illium
isc
m

hiu
isc

hiu

m

13. Were they Din
What evidence is there?
Reptiles?

Answer: .......................................................................................
.....................
...........................
...
...
...........................................................................................................
8.

according to the shape of hip bones

Answer: .......................................................................................
shown in the diagrams below?
...........................................................................................................

bis

osaurs

Draw16.
theDraw
pelvicthe
bones,
also
known
as the
pelvic
bones,
also
known
hip bones,
with
those
in thewith
asand
the compare
hip bones,
and
compare
those inbefore
the diagram
below,
before
diagram below,
answering
the next
nextisquestion.
question.answering
If you thinkthe
either
a dinosaur,
which group would it belong to, according to
you
either
is ainDinosaur,
the shapeIf of
hipthink
bones
shown
the diagrams
which
group
would
it belong to,
below?

pu

7.

Answer: .......................................................................................
, Birds or

......................................................
Answer: .......................................................................................
......................................................
...........................................................................................................

bis

5.

differs from explain
them? how it differs
If it has descendants
from them?
......................................................

pu
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4.

14.
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...........................
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The size of the bones
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...........................
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live? See
resthis
muscles and the. mobility
of an animal.
Did
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............
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or swimmer?
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name at the to
Unscramble the
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the page!
To reconstruct the flesh of the...creatures
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...on
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to.c time did
Geologi
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timeorsc
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movements?
...........................
...........................

Answer: .......................................................................................
...........................................................................................................
15. If it has descendants explain how it
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Answer: .......................................................................................
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...........................................................................................................
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16. How would it have used its front legs?
Answer: .......................................................................................
...........................................................................................................
17. Which period of geologic time did they live in?
Hint: Use the geologic time scale.
Answer: .......................................................................................
...........................................................................................................
18. Was it a dinosaur, bird or reptile?
Answer: .......................................................................................
...........................................................................................................

Lizard hipped
dinosaur

illium
illium

m

hiu

m

isc

hiu

isc

bis

pu

‘bird-hipped’
‘lizard-hipped’
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Answer: .......................................................................................
...........................................................................................................

Bird hipped
dinosaur

bis

If you think it is a dinosaur, which group would
it belong to, according to the shape of hip
bones shown in the diagrams at right?

Image courtesy of National Geographic.

pu

19. Draw the pelvic bones, also known as the
hip bones, and compare with those in the
diagram below, before answering the next
question.
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Name: TTEADROPCYLUS _ _ _ _ _ _ _ _ _ _ _ _ _
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COLOUR KEY

BODY PART
Upper jaw
Lower jaw
Teeth
Backbone
Ribs
Hip bone
Thigh bones
Shin bones
Feet
Upper arm
Lower arm
Hands
Eye sockets

Questions
1.

Is this a fossil of a vertebrate animal?
Answer: .......................................................................................
...........................................................................................................

2.

If so are the vertebrae interlocking or flat
discs?

INVESTIGATION

Line drawing of fossil

Answer: .......................................................................................
...........................................................................................................
3.

Did it have good eye sight?
Answer: .......................................................................................
...........................................................................................................

4.

How do you know?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

Department for Energy and Mining

200

Earth and Environmental Science Summer School 2018 Course Handbook

5.

Why does it have holes in the skull in front of
the eye sockets?
Answer: .......................................................................................
...........................................................................................................

6.

Are its bones solid or hollow?
Answer: .......................................................................................
...........................................................................................................

7.

What advantage was this?
Answer: .......................................................................................
...........................................................................................................

8.

Was this creature a runner, flyer or swimmer?
Answer: .......................................................................................
...........................................................................................................

9.

What evidence is there?
Answer: .......................................................................................
...........................................................................................................

10. Would the animal have been agile or sluggish
in its movements?

INVESTIGATION

Answer: .......................................................................................
...........................................................................................................
11. How may it have used its fingers and toes in
real life? Hint: look at what is on the ends of
the fingers and toes.
Answer: .......................................................................................
...........................................................................................................
12. Did it suffer a violent death?
Answer: .......................................................................................
...........................................................................................................
13. How do you know?
Answer: .......................................................................................
...........................................................................................................
14. Was the animal a carnivore (meat eater) or
herbivore (plant eater)?
Answer: .......................................................................................
...........................................................................................................
15. This creature is neither a bat nor bird. There are
several reasons why, can you figure them out?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
201

16. When did these creatures live? See the
geological time scale for clues.
Answer: .......................................................................................
...........................................................................................................
17. Was it a Dinosaur or Reptile? You may need
to do a bit more research for this answer.
Answer: .......................................................................................
...........................................................................................................
18. How can you tell that the creatures in
Investigations 1 and 2 are of the same or
different species?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
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Name: TTEODRAPCYUSL KOIHC _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Line drawing of fossil
COLOUR KEY

BODY PART
Upper jaw
Lower jaw
Teeth
Backbone
Ribs
Hip bone

Thigh bones
Shin bones
Feet
Upper arm
Lower arm
Hands
Eye sockets
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Questions
1.

Is this a fossil of a vertebrate animal?
Answer: .......................................................................................
...........................................................................................................

2.

If so are the vertebrae interlocking or flat
discs?
Answer: .......................................................................................
...........................................................................................................

3.

Did it have good eye sight?
Answer: .......................................................................................
...........................................................................................................

4.

How do you know?
Answer: .......................................................................................
...........................................................................................................

5.

Why does it have holes in the skull in front of
the eye sockets?
Answer: .......................................................................................
...........................................................................................................

6. Are its bones solid or hollow?
Answer: ...........................................................................................
...............................................................................................................

INVESTIGATION

7. What advantage was this?
Answer: ...........................................................................................
...............................................................................................................
8. Was this creature a runner, flyer or swimmer?
Answer: ...........................................................................................
...............................................................................................................
9. What evidence is there?
Answer: ...........................................................................................
...............................................................................................................
10. Would the animal have been agile
or sluggish in its movements?
Answer: ...........................................................................................
...............................................................................................................
11. How may it have used its fingers and toes in
real life? Hint: look at what is on the ends of the
fingers and toes.
Answer: ...........................................................................................
...............................................................................................................
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12. Did it suffer a violent death?
Answer: ...........................................................................................
...............................................................................................................
13. How do you know?
Answer: ...........................................................................................
...............................................................................................................
14. Was the animal a carnivore (meat eater) or
herbivore (plant eater)?
Answer: ...........................................................................................
...............................................................................................................
15. This creature is neither a bat nor bird. There are
several reasons why, can you figure them out?
Answer: ...........................................................................................
...............................................................................................................
16. When did these creatures live? See the
geological time scale for clues.
Answer: ...........................................................................................
...............................................................................................................
17. Was it a dinosaur or reptile? You may need to do
a bit more research for this answer.
Answer: ...........................................................................................
...............................................................................................................

INVESTIGATION

Name: ITCHHOSEARU _ _ _ _ _ _ _ _ _ _ _
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Line drawing of fossil

BODY PART
Upper jaw
Lower jaw
Teeth
Backbone
Ribs
Hip bone
Thigh bones
Shin bones
Feet
Upper arm
Lower arm
Hands
Eye sockets
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Questions
1.

Is this a fossil of a vertebrate animal? (Does it
have a backbone?)
Answer:.........................................................................................
...........................................................................................................

2.

If so are the vertebrae interlocking or flat
discs?
Answer:.........................................................................................
...........................................................................................................

3.

Did it have good eye sight?
Answer:.........................................................................................
...........................................................................................................

4.

How do you know?
Answer:.........................................................................................
...........................................................................................................

5.

Why does it have holes in the skull in front of
the eye sockets?
Answer:.........................................................................................
...........................................................................................................

6.

Are its bones solid or hollow?

INVESTIGATION

Answer:.........................................................................................
...........................................................................................................
7.

What advantage was this?
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................

8.

Was this creature a runner, flyer or swimmer?
Answer:.........................................................................................
...........................................................................................................

9.

What evidence is there?
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................

10. Would the animal have been agile or sluggish
in its movements?
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................
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11. How may it have used its fingers and toes in
real life?
Answer:.........................................................................................
...........................................................................................................
12. How would the shape of the vertebrae help its
method of travel?
Answer:.........................................................................................
...........................................................................................................
13. Did it suffer a violent death?
Answer:.........................................................................................
...........................................................................................................
14. How do you know?
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................
15. Was the animal a carnivore (meat eater) or
herbivore (plant eater)?
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................
16. This creature is neither a bat nor bird. There are
several reasons why, can you figure them out?
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
17. When did these creatures live? See the
geological time scale for clues.
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
18. Was it a Dinosaur or Reptile? You may need to
do a bit more research for this answer.
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
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Name: RUSUANTNARYOS _ _ _ _ _ _ _ _ _ _ _ _ _
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Line drawing of fossil
COLOUR KEY

BODY PART
Upper jaw
Lower jaw
Teeth
Backbone
Ribs
Hip bone

Thigh bones
Shin bones
Feet
Upper arm
Lower arm
Hands
Eye sockets
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Questions
1.

2.

Look at the backbone carefully, draw two
vertebrae that are next to each other and
decide whether they are interlocking or flat
discs.

Answer: .......................................................................................
...........................................................................................................

Answer: .......................................................................................
...........................................................................................................
How would this be useful to the creature while
alive?

Answer: .......................................................................................
...........................................................................................................

The size of the bones and the muscle ligament
attachments are a good guide as to the size of
muscles and the mobility of an animal. Did this
creature move on two or four legs?

6.

7.

Was this creature a runner, flyer or swimmer?
Answer: .......................................................................................
...........................................................................................................

Was it likely to be agile or sluggish in its
movements?
Answer: .......................................................................................
...........................................................................................................

8.

What evidence is there?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

Answer: .......................................................................................
...........................................................................................................
4.

Why does it have such a big tail?

To reconstruct the flesh of the creatures on
the line diagram, add muscles in proportion
to their function and bone size they attach to.
Then enclose with an outline of skin.

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
3.

5.

9.

Look at the teeth and decide whether the
animal was a carnivore (a meat eater) or
Herbivore (a plant eater)?

INVESTIGATION

Answer: .......................................................................................
...........................................................................................................

Figure 48. Allosaurus skull. Image courtesy of John Mignone.
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Answer: .......................................................................................
...........................................................................................................
11. What advantage do these small teeth give this
creature?
Answer: .......................................................................................
...........................................................................................................
12. What are the big holes in the skull for?
Answer: .......................................................................................
...........................................................................................................

Figure 49.

Allosaurus teeth. Image courtesy of John Mignone.

13. How would it have used its front legs?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
14. Which period of geologic time did they live in?
Hint: Use the geologic time scale.
Answer: .......................................................................................
...........................................................................................................
15. Was it a dinosaur, bird or reptile?
Answer: .......................................................................................
...........................................................................................................

Figure 50.

Allosaurus teeth close-up. Image courtesy of
John Mignone.
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10. This creature was a fully grown adult, but why
does it have small teeth just starting to come
out of the jaw bone?
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BIOSPHERE

How Can You Tell The Age Of Rocks Using The Fossils
They Contain?
Introduction
Over many years, a Palaeontologist (an
expert in fossils), collected fossils from
many places around Australia. The purpose
was to determine the ages of rocks
around the continent. Unfortunately the
palaeontologist became ‘extinct’ before
completing this work.

INVESTIGATION

However, the notes written about the rocks
from these locations were found. These
describe the types of fossils contained
in the locations, which are known as
assemblages.
Using the geological scale (which shows
the time ranges over which fossilised plants
and animals are known to have existed
around the world) your job is to determine
as close as possible which period(s) the rock
containing the fossil assemblages were
formed. For Location 13 the Era will be close
enough.
Write your answers in the location boxes.
Hint: A fossil is as old as the rock layer it is
found in. The fossilising process starts when
the plant or creature dies and if covered in
sedimentary mud in lakes or oceans, it is
fossilised. The same process turns the mud
and sands into rock.

Palaeontologist Notes
Assemblage 1
Crinoids, Gastropods, Trilobites, Nautiloids,
Stromatoporoids, Foraminifera.
Assemblage 2
Corals, Brachiopods, Gastropods, Graptolites, Fish,
Nautiloids, Trilobites, Stromatoporoids, Ferns.
Assemblage 3
Corals, Brachiopods, Gastropods, Bryozoa, Fish,
Nautiloids, Ammonoids, Trilobites, Lepidodendroids,
Stromatoporoids.
Assemblage 4
Foraminifera, Crinoids, Echinoids, Plesiosaurs,
Dinosaurs, Insects, Ostracods, Equisetales, Ferns,
Conifers, Cycads.
Assemblage 5
Worms, Trilobites, Archaeocyathids, Algae,
Brachiopods.
Assemblage 6
Conifers, Ferns, Ostracods, Insects, Ammonoids,
Echinoids, Chelonids, Dinosaurs, Plesiosaurs,
Starfish.
Assemblage 7
Foraminifera, Crinoids, Pelecypods, Amphibians,
Ammonoids, Insects, Glossopteris, Ferns,
Brachiopods.
Assemblage 8
Penguin, Human skull, Cockles, Stone tools,
Grass seeds, Giant kangaroo bones, Cycad nuts,
Eucalyptus leaves.
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Assemblage 9
Jellyfish, Worms, Algae, Stromatolites, Ediacaran
Seapen.
Assemblage 10
Crinoid, Echinoid, Eurypterid, Stromatoporoids,
Coelacanth, Ammonoids.
Assemblage 11
Conifers, Pterosaurs, Birds, Dinosaurs, Cycads.
Assemblage 12
Crinoids, Worms, Eurypterid, Gastropods,
Stromatoporoids, Graptolites, Nautiloids, Ostracods,
Trilobites.
Assemblage 13
Stromatolites, Algae, Overlain by volcanic rocks
dated by Radiometric method at 550 million years.

Locality 1 Assemblage Age

Locality 8 Assemblage Age

_ _ _ _ _ _ _ _ Period

_ _ _ _ _ _ _ _ _ _ Period

Locality 2 Assemblage Age

Locality 9 Assemblage Age

Middle to Late _ _ _ _ _ _ _ _ Period

Upper _ _ _ _ _ _ _ _ _ _ _ _ _ _ Period

Locality 3 Assemblage Age
Late _ _ _ _ _ _ _ _ Period
Locality 4 Assemblage Age
_ _ _ _ _ _ _ _ Era
Locality 5 Assemblage Age
Early _ _ _ _ _ _ _ _ Period
Locality 6 Assemblage Age
_ _ _ _ _ _ _ _ _ _ Period
Locality 7 Assemblage Age

Locality 10 Assemblage Age
_ _ _ _ _ _ _ _ Period
Locality 11 Assemblage Age
_ _ _ _ _ _ _ _ and
_ _ _ _ _ _ _ _ _ _ Period
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Answers

Locality 12 Assemblage Age
Mid _ _ _ _ _ _ _ _ _ _ to
Late _ _ _ _ _ _ _ _ Period
Locality 13 Assemblage Age
Mid to Late _ _ _ _ _ _ _ _ _ _ _ Era

Mid _ _ _ _ _ _ _ _ _ _ _ _ _ to
Mid _ _ _ _ _ _ _ Period
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Conifers

Wuerhosaurus

Late

Precambrian

Proterozoic
Archean

Mesoproterozoic
Paleoproterozoic
Neoarchean
Mesoarchean
Paleoarchean
Eoarchean
Hadean (informal)

Ediacaran
Cryogenian
Tonian
Stenian
Ectasian
Calymmian
Statherian
Orosirian
Rhyacian
Siderian

541
541
635
1000
1600
2500

4000
~4560

Worms
Trilobites

Sharks

Stromatoporoids

08/10/2015 – 204166

Early

Stromatolites

Middle

Ediacaran

485
Algae

Late

Archaeocyathid

Middle
Early

Neoproterozoic

Pelecy pods
Jellyfish

444
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Wenlock

Nautiloids

Ludlow

Llandovery

Cambrian

Plesiosaurs

Starfish

419

Brachiopods

Paleozoic

Pridoli

Ordovician

Marsupials

Eurypterids

Middle

Graptorites

Gastropods

Echinoids

359

Criniods

Late
Middle
Early

Early

Silurian

Lepidodendroids

Ferns

299

Middle
Early

Late
Devonian

Coelacanth

Late

Bryozoa

Mississippian

Pennsyl
-vanian

Phanerozoic

Early

Glossopteriss

Late
Permian

Equiselales

Corals

252

Foraminifera

Middle
Early

Carboniferous

Tyrannosaurus
Rex

Ostracods

Ammonoids

201

Minmi

Apatosaurus

Amphibians

Mesozoic

Late

Apatosaurus

Muttaburrasaurus

Middle
Early

Triassic

145

Cycads

Early

Jurassic

Pterasaurs

Late
Cretaceous

Late

Grass

Angiosperms

23.03
33.9
56.0
66.0

Insects (Meganura)

Oligocene
Eocene
Paleocene

Humans

Fish

Miocene

0.012
2.56
5.33

Eucalyptus

Palaeogene

Holocene
Pleistocene
Pliocene

Dinosaurs

Neogene

Epoch

Chelonids

Tertiary (informal)

Cenozoic

Quaternary

Birds

Eon
Era

The Earth’s geological timescale

Period

Million
years ago
(Ma)
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Paleozoic

Permian

Triassic

Jurassic

Cretaceous

Paleogene

Neogene

Quaternary

Period

Hadean (informal)

Neoarchean
Mesoarchean
Paleoarchean
Eoarchean

Paleoproterozoic

Mesoproterozoic

Neoproterozoic

Cambrian

Ordovician

Silurian

Devonian

Carboniferous

Tertiary (informal)
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Precambrian

Phanerozoic
Proterozoic

Mesozoic

Cenozoic

Eon
Era
Archean

Pennsyl
-vanian
Mississippian

Ediacaran
Cryogenian
Tonian
Stenian
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Calymmian
Statherian
Orosirian
Rhyacian
Siderian

Early

Middle
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Early
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Introduction
Anthropology sites are important, because
evidence of pre-historic human activity
can be studied to learn about the lives and
activities of our ancestors.
In this dig-site simulation, you are provided
with photographs taken inside the cave, by
the site anthropologists, as they carefully
uncovered evidence buried by years of
sediment deposition.

Part A.
Some research first.
1. Find definitions for the following terms and
the age of their fossil remains. If you can also
find pictures, that would be helpful later.

HOMO SAPIENS

HOMINID

AUSTRALOPITHICUS

Answer: ...................................................................................................
......................................................................................................................

Answer: ...................................................................................................
......................................................................................................................

HOMO ERECTUS

HOMO HABILIS

Answer: ...................................................................................................
......................................................................................................................

Answer: ...................................................................................................
......................................................................................................................
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Anthropology

Answer: ...................................................................................................
......................................................................................................................
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2.

Place these ancestors in order of appearance
on earth, i.e. oldest to most recent, as has
been found from age dating their fossil
remains.

3.

Was this a fossil of an adult or child?
Hint: Inspect the jaw.
Answer: ......................................................................................
...........................................................................................................

INVESTIGATION

Answer:
Youngest: ................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
Oldest: .......................................................................................
Part B.
Your next task is to cut out and fit together
all the photographed fragments, so as to
reconstruct the dig site scene discovered in the
cave.
Questions
1.

What evidence of human activity is there?
Answer: ......................................................................................
...........................................................................................................
...........................................................................................................

2.

Which ‘human ancestor’ would you identify
the skull at dig site scene to be and explain
why.
Answer: ......................................................................................
...........................................................................................................
...........................................................................................................
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4.

Put the artefacts pieces into groups and give
the groups names, i.e. charcoal, fire hearth
rocks, tools, weapons, food remnants etc.
Answer: ......................................................................................
...........................................................................................................
...........................................................................................................

5.

Describe the types of food reminants and
suggest why these were found in this cave.
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

What To Do
Your job is to fit together all the photo fragments to
assemble the dig site.

INVESTIGATION

Dig Site jig-saw puzzle for you to reconstruct.
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From the food remnants describe the habitat
around this location.

11. Is the fossil-jaw in the twisted black rock,
sandstone, slate, lava or granite?

Answer: ......................................................................................
...........................................................................................................
Are the rocks all the same? If not, explain why?

That is:

Answer: ......................................................................................
...........................................................................................................
How many layers of excavation are there in the
main artefact scene you have assembled in
the jig-saw puzzle?

Answer: ......................................................................................
...........................................................................................................

Answer: ......................................................................................
...........................................................................................................
Part C.

12. The jaw bone contains very small amounts
of C14 and was dug up from a depth of one
metre below the level of the charcoal layer.
How old would it be if it has less than 1% C14?
This is a barely detectable amount and almost
the same as general background radiation.
Answer: ......................................................................................
...........................................................................................................

Estimating age of the fossils in years.
The charcoal from the fire can be used to
calculate how old the artefacts of that layer are.
This is because wood formed by living plants
takes in radioactive C14 from the air, but stops
as soon as the plant dies. From then on, half of
the C14 breaks down during every 5,730 years,
and is known as Half-Life. This is represented by
the symbol τ.
Questions
7.

Although animals do not take in C14 from the
air to make body parts, their fossils can still be
carbon dated. Explain how this is possible?
Answer: ......................................................................................
...........................................................................................................

8.

If 25% of the C14 is measured in the charcoal,
use the Radioactive Decay of C14 graph to
calculate its age?

13. Would the jaw bone belong to the skull?
Answer: ......................................................................................
14. If the rock containing the jaw is the same age
as the jaw what would be one possible cause
of death for this creature?
Answer: ......................................................................................
...........................................................................................................
15. How could we check that the black twisted
rock and jaw are the same age?
Answer: ......................................................................................
...........................................................................................................
16. How many skulls are there on the same level
of excavation? Is there any significance in this?
Answer: ......................................................................................
...........................................................................................................

Answer: ......................................................................................
...........................................................................................................
If the skull of the human ancestor was found
in the same layer, as the charcoal remains of
fire, would that make it older or younger than
the charcoal?
Answer: ......................................................................................
...........................................................................................................
10. Could the charcoal be used to age date the
human remains?
Answer: ......................................................................................

Radioactive Decay of C14
% of C14 remaining in sample

9.
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6.

Time in Years
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Introduction
These are photos of footprints, and are
known as trace fossils. Although the
creature which made the footprints is not
fossilised there, the preserved footprints
tell a story of events which took place 80
million years ago.

What To Do
Look at the foot print track-ways and describe what
you think has happened.
Answer:...................................................................................................
.....................................................................................................................
.....................................................................................................................
.....................................................................................................................
.....................................................................................................................
.....................................................................................................................

BIOSPHERE
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Track-way Mysteries

1 meter

Figure 51. Track-way 1.
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Palaeontologists, who have studied the fossil bones
of dinosaurs, have noticed that as a general rule the
length of a dinosaur foot is approximately ¼ the leg
length.

Leg Length = 4 × Foot Length

Questions
1.

Use this to calculate the leg length of as many
of the dinosaurs which left footprints in the
trackways shown in the photographs.
Answer: Place your answers on the
corresponding trackway section of the photos.

2.

Fossilised bipedal dinosaurs have been found
to be approximately twice as tall as the rear
leg length. Choose one trackway which
is easy to see and calculate the speed at
which the animal was moving, by using the
equation given below. This relationship has
been established from data gathered during
observations of modern day animals, such as
ostrich and emus:

Speed =

AC TIVIT Y

Dinosaurs made tracks in muddy ground and
volcanic ash, as they travelled to drink from pools
and forage for feed. Over millions of years the soft
ground has become solid rock due to cementing
processes contained in the moisture between the
grains of mud and sand. These footprint trackways
have been found in a number of places around the
world.

√(Leg Length × g)
2

Where g is 9.8m/sec/sec

Figure 52. Allosaurus foot impression in ground.
Image courtesy of John Mignone.

Figure 53.

Tracks at Mount Morgan Mine, Queensland.

Department for Energy and Mining
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1 meter

Figure 54. Track-way 2.

1 meter

Figure 55. Track-way 3.

Questions
1.

2.

Is the track in fig. 22 made by a Therapod or
Saurorpod i.e. that is meat eater or plant eater
respectively?

Answer: .......................................................................................
...........................................................................................................
Outline the largest footprint in the scene and
suggest why this creature was there?

In Fig. 23 are all footprints of one creature?
If not how many?

Answer: .......................................................................................
...........................................................................................................

Were there any predators present?
Answer: .......................................................................................
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What were these creatures doing at the time?

Answer: .......................................................................................

Answer: .......................................................................................
3.

4.

5.

6.

Highlight one track-way set. Comment on the
direction of travel and its significance.
Answer: .......................................................................................
...........................................................................................................
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B
C

A

Figure 56. Track-way 4.

7.

How many track-ways have been left on the
surface of these rocks in figure 56?
Answer: .......................................................................................

8.

How many creatures walked through this area
to leave tracks?
Answer: .......................................................................................

9.

Were they the same or different creatures?
Answer: .......................................................................................

10. Were they carnivores or herbivores?
Answer: .......................................................................................

1 meter

11. Put the following processes in order of time
sedimentation, uplift and folding, lithification
(turn into rock), weathering and erosion.
Answer:
Most recent process: ......................................................
......................................................
......................................................
......................................................
......................................................
Oldest process:
......................................................
12. Why don’t the footprints continue from layer C
onto rock layer A?
Answer:........................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
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You will need
•
A pencil
•
A ruler with millimetre markings
•
A geometric compass for drawing circles
When the earth’s thin crustal rocks are
squeezed and buckled too quickly, they snap,
making the earth shake.
We call this an earthquake, and machines
called seismographs can record the earth’s
vibrations, as shown in the example on the
next page. This is called a seismogram.
The seismogram paper is wrapped around
the machine’s drum, which turns throughout
the day and night with a pen drawing the
vibrations picked up by a ground movement
sensor, known as a seismometer.

Earthquakes make similar patterns of smaller
vibrations (P waves) followed by bigger ones
(S waves) because there are two types of waves
vibrating from the broken rocks. P or PUSH waves
which are faster, hit the seismograph first followed by
the slower S or SHAKE waves. These rapid vibrations
of P and S waves are only felt by the seismograph.
Humans feel the larger slower surface waves which
follow, which also rock and damage buildings.
Let’s imagine you are the Seismologist on duty,
you arrive at work and put new paper on the
recorder drum and then go about your daily work.
An earthquake happens later in the day, not too
far from Adelaide, and you write a report from that
seismogram which answers the following questions.
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Activity 1

The parallel lines actually make a continuous line, if
you roll the sheet end to end. One-minute time pips
are shown every 6 cm, and these are further divided
into 1 second markings, each 1 mm along.
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Understanding The Earth’s Shakes, Rattles And Rolls
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Earthquake Seismogram - Event 1
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Epicentre distance graphing
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Reporting Seismologist’s Name:
......................................................................................................................
First examine the seismogram on the previous
page.
Questions - Event 1
1.

At what time was the seismograph started?
Answer: .......................................................................................
...........................................................................................................

2.

3.

Find the spot on the seismogram where the
earthquake’s first ground shaking reached the
seismograph, and mark it with a pencil line.
Now count how many minutes and seconds
had passed from when the seismograph had
been started up to when these earthquake
waves were detected by it.
Answer: ..................... minutes ..................... seconds

4.

What time of the day was it?
Hint: Add the answer from Q3 to the starting
time
Answer: .......................................................................................
...........................................................................................................

5.

Was it daytime or night?
Answer: .......................................................................................
...........................................................................................................

6.

How long did the earth movements recorded
by the seismograph last for?
Answer: ..................... minutes ..................... seconds

7.

Find the spot where the push (P) wave starts
and mark it with your pencil. Do the same for
the shake (S) wave.

8.

How many seconds passed between the
arrival of the P and S waves. Is this called
‘separation time’ or ‘lag time’?
Answer: ..................... seconds

9.

Do you think that lag time increases or
decreases as distance from the earthquake
centre increases?
Answer: .......................................................................................
...........................................................................................................
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10. Someone has worked out all the lag times and
corresponding distances from earthquakes,
and drawn them into a graph as shown on the
previous page.
Using your seismogram lag-time that is P-S
time and the graph, find out how far away
from the Adelaide seismograph station the
earthquake was located.
Answer: ................... km
11. Does this tell you which direction the
earthquake vibrations came from?
Answer: .......................................................................................
...........................................................................................................
12. Use a geometric compass to step out the
distance the Adelaide seismograph station is
from the earthquake using the scale on the
South Australian map. Now draw a circle of
that radius around the seismograph station
which recorded the earthquake. Your circle
shows all the possible places at which the
earthquake could have occurred.
How many seismic recording stations would
you need to find the exact spot on the circle
of the earthquake’s origin? This is called the
Epicentre.
Answer: ........................................................................................
...........................................................................................................
13. Would you expect the size of ground
movements to get bigger or smaller as we go
further away from an earthquake epicentre?
Answer: .......................................................................................
...........................................................................................................
14. What part of the seismogram tells how strong
the earthquake was?
Hint: think about how big the pen movements
of the seismograph are as it records ground
movements.
Answer: ........................................................................................
...........................................................................................................
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15. To measure the strength of an earthquake
(known as its magnitude) we need to take into
account how far away from the epicentre we
are, and the size of the vibrations at the spot
where the seismograph is.
These two bits of information carried on the
seismogram can be turned into a number
value on the Richter scale, page 237.
a.

Find the P wave to S wave lag time on the left
side time bar. See the nomogram on page
237.

b.

Then measure the size of the vibration’s
biggest amplitude in millimetres from the
vibration’s centre line on the seismogram.
Locate this value on the amplitude bar.

c.

Join the lag time and amplitude point using
a ruler. The magnitude will be the number
intersected on the centre magnitude bar. This
is the Richter scale value you would hear in
news reports.
Answer: The earthquake magnitude was
........................... on the Richter scale.

16. The Richter scale increases by 30 times the
energy of earth movements for each unit of
increase on the scale.
If an earthquake records 3 and another records
6 what is the difference in energy?
a.

3

b.

9

c.

2900

d.

270
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Earthquake - Event 2

10.30 am
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Several months later another
earthquake was recorded, as
shown below. Work your way
through questions 1–15 to make
your own report of the event.
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Where Did That Earthquake Come From?

Activity 2
You will need
•
A pencil
•

A geometric compass for drawing circles

•

3 lengths of uncooked spaghetti, each at
least 25 cm long

•

A ruler with millimetre markings

•

Adhesive tape

Seismographs can record these earth
vibrations, known as seismograms, from which
it is possible to locate an earthquake. The
location is the epicentre.

Seismograms of earthquakes have a unique
pattern, different to bomb blasts or animals
walking by. They show smaller vibrations (P waves)
followed by bigger ones (S waves), because there
are two useful types of waves vibrating from the
broken rocks. P or PUSH waves are the fastest, so
they hit the seismograph first, followed by the
slower S or SHAKE waves. The rapid vibrations of
P and S waves are only felt by the seismograph.
Humans feel the larger slower surface waves which
follow, which also shake and damage buildings.

You are the Government Seismologist and
you are responsible for writing a report from
the seismograms of each of the three recent
earthquakes dated June 4th, July 15th and
September 6th, by answering the following
questions.
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Unless you’re at the spot where rocks under
stress break, (the cause of an earthquake) it’s
difficult to tell where an earthquake takes
place.
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Suitable
for year
6-10 students

Adelaide Seismograph Station

June 4th Earthquake recorded at Adelaide, Woomera and Cleve Seismograph Stations
June 4
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EARTHQUAKE
SEISMOLOGY
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Cleve Seismograph Station

Woomera Seismograph Station
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Station (3) name:

Station (2) name:

Station (1) name:

Station to epicentre distance:
.......... km

.......... seconds

.......... km

.......... seconds
P to S wave time:

Station to epicentre distance:

.......... km

Station to epicentre distance:

P to S wave time:

.......... seconds

P to S wave time:

Earthquake Seismic Data
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June 4th earthquake event recorded by seismic
stations in Adelaide, Woomera and Cleve.
Questions
1.

On the Adelaide Seismograph Station’s
seismogram, find the spot where the Push (P)
wave starts and mark it with your pencil, then
do the same for the Shake (S) wave.

2.

Using the one second time scale on the first
line (or the millimetre markings on your ruler)
calculate how many seconds passed between
the arrival of the P and S waves. This is called
‘separation time’ or ‘S minus P lag time’.

7.

Use a geometric compass to mark out the
distance the Adelaide seismograph station is
from the earthquake using the scale on the
South Australian map. Now draw a circle of
that radius around the seismograph station
which recorded the earthquake. Your circle
shows all the possible places at which the
earth quake could have occurred.

8.

How many other seismic recording stations for
that earthquake would you need to find the
exact spot on the circle of the earthquake’s
origin, which is called the epicentre?
...........................................................................................................
...........................................................................................................

9.

Repeat questions 1 to 4 for the Woomera
and Cleve seismograms for the June 4th
earthquake.

Answer: ..................... seconds
Also write this in the Earthquake Seismic Data
table for Station 1.
3.

Should S-P wave lag time, increase or decrease
as distance from the earthquake epicentre
increases?
Answer .........................................................................................
...........................................................................................................

4.

Would you expect the size of ground
movements to get bigger or smaller as we go
further away from and earthquake epicentre?
Answer .........................................................................................
...........................................................................................................

5.

Someone has worked out all the lag times and
corresponding distances for earthquakes up to
1000 km away, and drawn them into a graph
as shown on page 233. Using your lag-time
and the graph, find how far away the Adelaide
Seismograph Station 1 is located from the
earthquake.

AC TIVIT Y

Reporting Seismologist’s Name:
......................................................................................................................

If the all three circles you draw intersect in one
spot that is an accurate Epicentre. If the circles
make a triangle that means you have made an
error in your S-P lag time values and need to
check them again. If, after checking there is no
change, it means the epicentre is over a deep
underground focus earthquake.
10. What part of the seismogram tells how strong
the earthquake was?
Answer .........................................................................................
...........................................................................................................

Answer .................... km
Record this also in the Earthquake Seismic
Data table.
6.

Does this tell you which direction the
earthquake vibrations came from?
Answer .........................................................................................
...........................................................................................................
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11. To measure the strength of an earthquake
(known as its magnitude) we need to take into
account how far away from the epicentre we
are and the size of the vibrations at the spot
Suitable
where the seismograph station is located.

for year
These two bits of information on the
6-10 students

seismogram can be turned into a number
value on the Richter scale.

Brain Twister
EARTHQUAKE
Challenge

SEISMOLOGY

Use 3 bits of spaghetti trimmed to lengths
equal to the circle radii you used to find the
epicentre. Lay the spaghetti on the map,
use adhesive tape to fix the seismograph
station end to the paper. Pick up the loose
ends near the epicentre, raising them till
they make a single meeting point.

investigation

Choose one of the three seismograms and:
a.

Find the P wave to S wave lag time on the
left11
side Time bar.
Question
b. Then measure
the sizeofofan
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the strength
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asline
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er
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on the Richter scale.

value you would hear in news reports.

doing the same process with

Choose
onetwo
of the
three of
the other
seismograms
seismograms
and: If there
the same earthquake.

b) Then measure the size of the
vibration‘s biggest amplitude in
Millimetres from the vibration’s
centre line on the seismogram.
Locate this value on the
amplitude
If you wishbar.
to practice your

Extension
problems

seismological skills further
you can try them on the
seismograms of July 15th and
September 6th earthquakes
on the following pages.
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Arckaroola
Station
Arkaroola Seismograph
Seismograph Station

June 15th Earthquake recorded at Arkaroola, Hawks Nest and Stevens Creek Seismograph Stations
July 15

Suitable
for year
6-10 students
Hawk’s
Hawk’s Nest
Nest Seismograph
SeismographStation
Station
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September 6

Suitable
for year
6-10 students

Woomera Seismograph Station
Woomera Seismograph Station

Hallet Seismograph Station
Hallett Seismograph Station

June 15th Earthquake recorded at Hallett, Woomera and Arkaroola Seismograph Stations
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GEOSPHERE
Earthquake Location
- David Love (Chief Seismologist of Seismological Association of Australia) - 2018

Requirements

Which site has the earliest P wave?

•

Map showing seismograph stations, with scale
bar (ExerciseMap.png)

Answer:....................................................................................................

•

Unfiltered seismograms (Seis V 001.png)

•

Filtered seismograms (Seis V Filtered 2.png)

•

See-through setsquare to read phase times off
seismograms

List the S minus P time in seconds

•

Uncooked spaghetti (approx 12 pieces per
group)

•

Useful but not essential – compass to draw
circles

Multiply by 8.4 to get the distance of the
earthquake in kilometres.

Look at the seismograms. They are the same sites
on both sheets, but on one sheet, most of the
seismograms are filtered. Filter ranges are listed on
the right hand side.
Note: the time scale along the bottom. The small ticks
are seconds.
This is a very small earthquake and is not easy to
read on all sites.
Which are the clearest seismograms to read?
Answer: ...................................................................................................
There are two important times: the P wave (Push)
time and the S wave time.
The P wave (compressional) comes first
The S wave (shear) comes second.
The P phase will usually (but not always) be easier
to read on the unfiltered seismogram.
The S wave will usually be easier to read on the
filtered seismogram.
Read the P and S time from the 5 or 6 easiest sites,
but make sure to include SDAN.

Answer:....................................................................................................

Answer:....................................................................................................
Which site seems to be closest to the earthquake?
Answer:....................................................................................................
If you have a compass
Using the scale on the map to adjust the compass,
swing an arc from each of the sites (5 or 6) that you
have P and S for.
If the arcs intersect at (or close to) a single point,
this is where the earthquake occurred.
Using the scale on the map, break spaghetti to the
correct lengths for each of your sites.
Put one end of the spaghetti at the correct station
(2 stations per person).
Try to make all the ends of the spaghetti come
together.
Where did the earthquake occur?
Answer:....................................................................................................
Why did the arcs not meet close to a single point?
Answer:....................................................................................................

EXPERIMENT

Answer:....................................................................................................

GEOSPHERE

Method
Using the charts and map on pages 247, 248
and 249, look at seismograph site codes on
seismograms.
Find same seismograph sites on map.
Note: that some seismograph sites do not have
seismograms.

Which site has the shortest P to S time?

If more shocks were likely to occur at the same
place (aftershocks of a bigger earthquake), what
would you do to get a better estimate of the
depth?
Answer:....................................................................................................
......................................................................................................................
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Introduction
The two photos of Mount Asama-yama in
Japan, were taken approximately 75 years
apart and are approximately the same
scale and orientation.

Figure 57.

Mount Asama (CIRCA 1943).

Figure 58.
(2018).

GEOSPHERE
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A Recent Volcanic Eruption

Mount Asama
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Study the two photos for key landmarks and then
answer the following questions:
1. Have there been any more eruptions since the
first picture at the top was taken? If so how
many?
Answer: .......................................................................................
...........................................................................................................
2.

Are the eruption products mainly solid lava
flows or other types of eruption products?
Answer: .......................................................................................
...........................................................................................................

3.

How many eruption events can you see?
You should outline these on the photos and
number them.
Answer: .......................................................................................
...........................................................................................................

4.

Why is the eruption formation near the top of
the coloured photo rocky and rough, while
the one going out to the right has a smooth
surface texture?
Answer: .......................................................................................
...........................................................................................................

5.

Is there any evidence of weathering and
erosion over the 75 years of time between the
two photos?
Answer: .......................................................................................
...........................................................................................................

6.

Do lava flows move along ridges, valleys or flat
plains?
Answer: .......................................................................................
...........................................................................................................

7.

How many craters are visible? Draw an outline
around each.
Answer: .......................................................................................
...........................................................................................................

8.

Are any cinder cones visible?
Answer: .......................................................................................
...........................................................................................................

251

9.

Is the most recent eruption formation older
or younger than the larger crater and smaller
crater?
Answer: .......................................................................................
...........................................................................................................
Would you class Mt Asama as a composite
cone, cinder cone or shield volcano and
explain why?
Answer: ........................................................................................
...........................................................................................................
Hint: You may need to research the features of
each of these volcano types and how their form is
related to the type of lava they are formed from.

10. The photos on the following page show
volcanic products (Specimen A to E), taken
by the volcanologist studying this location.
She left her field notebook behind, due to a
rapid evacuation necessary when an eruption
started. She has forgotten the locations on
the volcanic site where the samples were
taken. From your observations, indicate on
the coloured photo where you think these
samples would most likely come from and
explain why.
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
11. One specimen is not from this location.
Identify which, and explain why?
Hint: Lava viscosity (ie its runniness) is controlled
by the chemical composition. The more silica it
contains the greater its viscosity.
Explanation: ..............................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

AC TIVIT Y
Figure 59.

Specimen A - Photo courtesy of John Mignone.

Figure 60.

Specimen B - Photo courtesy of John Mignone.
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Figure 61.

Specimen C - Photo courtesy of John Mignone.

Figure 62.

Specimen D - Photo courtesy of John Mignone.

AC TIVIT Y
Figure 63.

Specimen E. - Photo courtesy of John Mignone.

12. Would you expect the style and frequency of
eruptions to be affected by viscosity? Explain
why.
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
13. What style of eruption do you think this
volcano would have?
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
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Figure 64.

Mount St Helens 1980. Photo courtesy of John Mignone.

The volcano pictured above had a smooth bowl
shaped crater until recently, but has been changing.
As the resident volcanologist, what would be your
prediction and local community advice?
Answer: ...................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
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Molten Rock At The Earth’s Surface

Introduction
Volcanoes are formed where molten rock,
known as magma, erupts at the earth’s
surface. Magmas are formed deep in
the earth’s crust and mantle sections by
melting of pre-existing rocks. The magma
then rises, because it is lighter than the rock
around it, moving to the earth’s surface
along cracks or pipe-like conduits.

Magmas are very hot, commonly ~900–1200°C. At
the Earth’s surface they quickly cool and consolidate
within hours or days to form hard igneous rocks
(from the Latin ignis, meaning fire). Igneous rocks
form by lava flows, ash and gases.

Table 1

Figure. 65. Lava squirting into the air.

Silicon and oxygen (expressed as silica, SiO2) are
the main chemicals in magma. Others include
metals like iron, magnesium, aluminium, sodium
and dissolved gases. The variation in silica content
of magmas (and the rocks they consolidate to form)
allows us to distinguish different magmas/rocks
with different characteristics (Table 1, see below).

Magmas, related igneous rock types, and volcanic products

Magma silica
content

Magma
viscosity

Volcanic rock
type

Volcanic
products

Volcano types

Low
(~50%, mafic)

Low (runny)

Basalt

Lavas, scoria
cones

Shield
volcanoes,
plateau basalts

Intermediate
(~60%)

Intermediate
(sticky)

Andesite

Lavas,
pyroclastic
deposits

Stratovolcanoes

High
(~70%, felsic)

High
(very sticky)

Rhyolite

Pyroclastic
deposits, lavas

Collapse
calderas
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volcanic products
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Some consequences
After the 1947 eruption of
Mount Hekla in Iceland,
cattle and other animals died
of asphyxiation when they
strayed into pools of colourless,
odourless carbon dioxide. Being
denser than air, the CO2 had
accumulated in low-lying valleys.
These gases can threaten people
too.

INVESTIGATION

Figure 66.

Runny or low viscosity lava, makes a thin layer. Photo courtesy of John Mignone.

The chemical composition of the magma
affects its viscosity, that is, whether the
magma will be runny or thick and sticky.
Viscosity in turn affects the type of
eruption at the earth’s surface, the type of
volcanic products and volcanoes formed.
Gases (including water, carbon dioxide,
and sulphur dioxide) are dissolved in
small amounts in magmas. Together with
viscosity they play a very important role in
determining how a magma erupts. Bubbles
of gas escape relatively easily from the lowviscosity (basaltic) magmas, resulting in
relatively non-violent eruptions. However,
gases cannot easily escape from the more
viscous magmas (andesitic to rhyolitic highviscosity magmas), building up in pressure
until they finally erupt explosively!

Figure 68. Scoria forms
when escaping gases make
bubbles in the lava as it sets
hard.
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Figure 67.
Students inspect a
basalt lava bomb
which was shot
several hundred
metres from the
vent landed in ash
layers.

Volcanic rock types
Basalt is a fine-grained, dark grey to black rock
which may contain lustrous green crystals of
olivine. Andesite commonly is grey in colour, and
may contain crystals of black minerals (pyroxene,
hornblende) and white minerals (feldspar). Rhyolite
commonly is grey to white, and may contain white
crystals of feldspar and translucent grey crystals of
quartz.

Figure 69. Olivine lava
bomb, formed as olivine
(pale green), coated in
basalt was blown out of the
volcanic vent.

Lava Flows

INVESTIGATION

Lava is magma which flows from volcanic vents
and sets hard as a wide sheet or as a string shape
if it runs down gullies and river valleys. As lava
flows, its upper surface begins to harden against
the cooler air and is dragged into fantastic shapes
like interlaced ropes: this is called ropy lava or
pahoehoe lava (a Hawaiian name). The surface of
some lavas cool and break into jagged small blocks
to form aa lava (another Hawaiian name). Where
lava erupts in the ocean, it tends to form spheroidal
globules, often building a pile of pillow-shaped
bodies of metre size. The resulting deposit is called
pillow lava.

The longest known lava flow on Earth occurs in
north Queensland — it is ~160 km long.
Pyroclastic deposits (‘fire-broken’) are piles
of volcanic rock around the volcanic vent.
Agglomerate is composed of large angular
boulders quite near the vent. Smaller fragments
and tiny pieces of lava may be blown by the wind
from the gassy dust clouds rising from volcanoes
to distances of hundreds of kilometres. These
eventually fall to the ground to form layered,
pyroclastic ash deposits. Billowing clouds of denser,
hot fragmented lava and gases (nuées ardentes,
literally ‘glowing clouds’) rush down the slopes of a
volcano and deposit their load as pyroclastic flow
(ignimbrite) deposits over distances of kilometres.

Figure 70.

Ropy texture on the surface of lava. Photo courtesy of John Mignone.
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During an eruption of Mt Pelée volcano on the
island of Martinique in the Carribean in 1902, a
nuée ardente raced down the side of the volcano.
It completely destroyed the town of St Pierre and
its 30,000 inhabitants, except for two people; one
was a prisoner locked in a cell partly below ground
level (he was found in his cell four days later) and
the other was a person at the very edge of the
nuée ardente.

Figure 71. Ash layers from a series of eruptions at Crater 		
Lake, Oregon, USA. Photo courtesy of John Mignone.

INVESTIGATION

Some of the magma in a volcano may fail to reach
the surface, consolidating in the fissures and
conduits beneath and within the volcanic edifice
as intrusive dykes, or as lava domes projecting from
the volcanic vent. Later erosion of the volcano
allows us to see these internal volcanic structures
(e.g. Warrumbungle Mountains, NSW; Glass House
Mountains, Queensland; Ship Rock, New Mexico,
USA).

Figure 72. Mt St Helens dome build-up before eruption.
Photo courtesy of John Mignone.

Volcano types
At mid-ocean ridges, basaltic magma erupts
onto the ocean floor, forming new ocean crust.
Locally the new crust may build up enough to
reach the ocean surface (eg Iceland, built on the
North Atlantic part of the Atlantic mid-ocean ridge
system).
Where fissures form on continental crust, large
accumulations of plateau basalts may form,
composed of layer upon layer of basalt (eg Antrim
plateau basalts of the Northern Territory, Australia;
Deccan Plains of northwestern India; Columbia
River Basalt of Washington State, USA). Scoria
cones (or cinder cones) may develop near fissure
eruptions and shield volcanoes. They are relatively
small, cone-like volcanic structures up to ~100 m
high, composed of porous fragments of basaltic
rock.
Figure 74. Mt Schank, South Australia. Photo
courtesy of Department for Energy and Mining.
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Figure 73.
Inset Ash layers
close-up. Photo
courtesy of John
Mignone.

Scoria cones formed when basaltic magma erupted
in the Mt Gambier area, South Australia, about
4,000 years ago. This volcanic field represents the
most recent volcanic activity in Australia, see photo
of Mt Schank.
Shield volcanoes are large structures, tens of
kilometres in diameter and up to ~10 km in height.
They have a large diameter compared to their
height, a direct result of being constructed from
low-viscosity basaltic magmas (ie runny lava).
The still active Hawaiian volcanoes of Mauna Loa,
Mauna Kea and Kilauea are good examples.

Stratovolcanoes form steep-sided structures that
are relatively tall (several kilometres) compared to
their diameter (<10 km). Stratovolcanoes display
the classic conical volcano shape (e.g. Mt Fuji in
Japan, Popacatepetl in Mexico, Mt Egmont in New
Zealand). They are composed mostly of andesitic
materials occurring as interlayered lavas and
pyroclastic deposits. They are common along the
Andes Mountains of South America (hence the
rock name, andesite), and elsewhere along volcanic
island arcs around the Pacific Ocean.

The shield volcanoes of Mauna Loa, Mauna Kea
and Kilauea in the Hawaiian Islands are 10 km
in height from their base on the ocean floor
to their peaks. This makes them the highest
structures on earth, taller even than Mt Everest.

When Mount St Helens stratovolcano erupted
in Washington State USA in 1980, it sent
an ash cloud ~20 km into the atmosphere.
Ash was deposited in a thin layer eastwards
across the USA for 1,500 km, and fine ash
circulated around the globe for about
2 weeks, polluting the atmosphere and
producing spectacular red sunsets.

Figure 75. Alternate lava and ash layers of a composite cone 		
volcano, Oregon, USA. Photo courtesy of John Mignone.

Collapse calderas are relatively large structures
~10–20 km in diameter, but relatively low in
height. They are formed where viscous rhyolitic
magma erupts very violently, producing large
volumes of pyroclastic deposits which drape the
countryside for tens or hundreds of kilometres. The
finer ashy materials may be blown by the wind for
thousands of kilometres, even right around the
world. After eruption, overlying rocks fall into the
empty chamber beneath the volcano, generating
the sunken circular structure known as a collapse
caldera. Lake Taupo in the North Island of New
Zealand is a good example.

Department for Energy and Mining
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Krakatoa Island, in the Sunda Straits
between the two main Indonesian islands of
Java and Sumatra, is the remnant of a huge
eruption in 1883 which almost completely
destroyed the pre-existing stratovolcano.
It erupted with such force that it was heard
in South Australia, 3,200 km away, where it
woke people from their sleep. Large tsunamis
(sometimes incorrectly called ‘tidal waves’)
swept outwards from the volcano, killing
36,000 people living on nearby islands.
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Volcanoes and their significance

INVESTIGATION

Large lava flows can erupt in a few days. Volcanoes
a few hundred metres high can be constructed in
months or a few years. They therefore represent a
relatively fast geological change in the landscape.
Larger volcanoes on the scale of kilometres have
lifetimes ranging from thousands to a few million
years. In all cases, volcanic activity represents an
important geological process which contributes
to the building of the crust of the earth (the
outer 10 – 40 km thick rind of the earth made of
sedimentary rocks, but also including igneous and
metamorphic rocks). Some magmas, particularly
some rhyolitic magmas, form by melting of preexisting crustal rocks, and therefore represent
recycling of rock materials. Other magmas
(including all basaltic magmas) form by melting of
rocks deeper in the earth’s mantle, and therefore
represent addition of juvenile or new materials
to the earth’s crust. In this way, volcanism has
contributed to construction of the earth’s crust
since the formation of the earth approximately
4.5 billion years ago. Gases from volcanoes have
been the main factor in formation of the earth’s
atmosphere.

Biographic notes on author
Dr Doug Mason works as a consulting
petrologist to the minerals exploration
industry, following early employment as an
exploration geologist for nickel and coppergold deposits and subsequently as lecturer
in mineralogy, igneous geology and ore
deposits geology in universities in Australia
and the United States of America. He first
came to know and respect active volcanoes in
Papua New Guinea and the Solomon Islands.
One of the most interesting aspects of his
work is recognising metallic mineral deposits
where they formed in, around and beneath
ancient volcanoes which range in age back to
the earliest stages of earth’s evolution.

There is a lot of interest in the possible climatic
effects of volcanic eruptions: volcanic ash in the
atmosphere may reduce solar radiation, causing
a cooling effect. Volcanic gases such as sulphur
dioxide, carbon dioxide, if erupted in sufficient
amount, may contribute to the Greenhouse
(warming) effect.
Further reading
Clark I.F. and Cook B.J. (eds, 1983): Perspectives of the Earth. Chapter 7a: Volcanoes and igneous intrusions.
Australian Academy of Science, Canberra, Australia. pp.135-150.
Francis P. (1976): Volcanoes. Penguin, Harmondsworth, England. 368p.
Ollier C. (1969): Volcanoes. Australian National University Press, Canberra, Australia. 177p.
Strahler A.N. (1981): Physical Geology. Chapter 4: Igneous rocks and igneous activity. Harper and Row, New
York, USA. pp.65-95.
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To build a model of a volcano to simulate an
eruption, you will need the following:
•
Chicken wire (approximately 1 square
metre)
•

Base board of styrene foam, plywood or
thick cardboard (approximately 50 x 50
cm) to build volcano on

•

Plastic container e.g. bottle or tub (to act
as reaction vessel)

•

Baking soda

•

Vinegar

•

Red food colouring

•

Wallpaper paste

•

Newspaper cut into strips

•

Paint (waterproof preferable)

Place a teaspoon of baking soda in the plastic
container in the volcano vent.
Mix half a litre of vinegar with two tablespoons
of red food colouring and pour slowly into the
volcano vent container.
The reaction will make frothy red ‘lava’ and will
overflow and run down the valley.
You may try diverting or blocking the lava flow
with modelling clay to demonstrate management
methods to divert lava flows from populated areas.
Questions
1.

Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
2.

3.

Make sure you leave enough space in the vent area
to fit in the plastic container where the chemicals
are to be added for the reaction to simulate a lava
flow style eruption.

Optional: while the paint is wet, you may sprinkle
some volcanic ash over the model if ash is readily
available. Any sand will work.

Do the experiment again, but this time
add and stir in 4 tablespoons of flour to the
vinegar. How does this change the eruption
and lava flow when the vinegar is added to
the baking soda?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................

Soak the paper strips in paste and place onto the
chicken wire in several layers and allow to dry.
Now paint with waterproof paint.

Does it run easily down the gullies?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................

Construction
Crumple the chicken wire into the form of one or
two volcanic mountains and secure to the base
board. Try to shape some gullies into the mountain
sides to allow lava to channel into the valleys.

Why is your ‘lava’ frothy?

EXPERIMENT

Volcanic Eruption Simulation

Demonstration

4.

How would lava runniness affect the
frequency, explosiveness and predictability of
eruptions in the earth’s volcanoes?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
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Questions

Volcanic Gas Chemistry

1.

SAFETY NOTE: A responsible adult should
do this demonstration in a properly
equipped laboratory.

Answer:.........................................................................................
...........................................................................................................

A laboratory fume cupboard with a protective
shield should be used.

Chemicals to be used

Protective glasses should be worn.

Mix half a teaspoon of zinc dust and sulfur and
add a pinch of coarse sea salt. Put some of
the mixture on a deflagrating spoon and use
two centimetres of party sparkler as a wick to
start the reaction when lit. The salt will crackle
simulating volcanic bombs shooting out of
the smoky eruption and a solid whitish yellow
powder is left in the spoon.

EXPERIMENT

Place the chemicals in a crucible or on a
heatproof mat on top of a tripod inside a fume
cupboard. Lower the protective shield and
switch on the exhaust fan when the chemicals
are to be ignited, to avoiding smoke alarms
being set off.
Alternately, the demonstration may be done
on a deflagrating spoon in a gas jar, with one
centimetre of distilled water at the bottom of
the jar. Label a blue litmus paper with the letter
B and a piece of red litmus paper with R. Drop
into the water and record their colour after
wetting.

If litmus does not change colour in neutral
liquid, turns red in acids and blue in alkalis, is
the distilled water an Acid, Neutral or Alkali?

2.

When the reaction is finished, take a small
sniff of the gas, by wafting some of the smoke
toward your nose, using the hand and record
your observations.
Now shake the gas jar to dissolve the smoke
in the water mixture. Check the litmus paper
colours.
Is the water acidic, alkali or neutral?
How does this explain what you felt when you
sniff tested the gas?
Answer: ........................................................................................
...........................................................................................................

Let’s see what the chemicals did
Try filling in the blanks:
sulfur + zinc
z…….. sulfide
i.e. S + Zn
ZnS
and excess sulfur + oxygen (air)
i.e. S + O2
SO2
and sulfur di…….. + water
i.e. SO2 + H2O
H2SO3
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sulfur di……..

sulfurous a…......d

To make your ‘edible volcanic rock’ you will
need the following:
WARNING: This experiment should be done
under the supervision of a responsible
adult, as it involves heating water and
handling hot equipment.
•

Half a teaspoon cream of tartar powder or
bicarbonate of soda

•

Three quarters of a cup of golden syrup

•

Two cups of sugar

•

Half of a cup of water

•

A saucepan

•

A stove

•

A teaspoon

•

Baking tray lined with waxed baking
paper

Stage 2 (optional)
You may wish to put your edible lava through
a second igneous process by melting cooking
chocolate and pouring it over the frothy lava.
Here you can study ropy chocolate lava formation
depending on how viscous the chocolate becomes.
Questions
1.

Which type of volcanic rock is the ‘edible lava’
most similar to:
a. Ash or tuff		
c. Scoria
b. Andesite		
d. Olivine 		
lava bombs

2.

What happens to the viscosity or ‘runniness’ as
this ‘lava’ cools?
Answer:........................................................................................
..........................................................................................................

3.

Answer:........................................................................................
..........................................................................................................
..........................................................................................................
4.

Stage 1
Place water, golden syrup and sugar into a
saucepan on a stove at moderate heat and stir till all
has dissolved.
The ‘edible lava’ mixture is ready when you spoon a
drop of it into a glass of cold water and you find it
goes brittle or crunchy.
At this stage add half of a teaspoon of bicarbonate
of soda, allow the mixture to froth up, and then
pour it into the waxed paper lined baking tray and
allow it to cool for 30 minutes.

Why does the ‘edible lava’ set hard?

What happens to the volume of ‘lava’ when
the bicarbonate of soda is added?

EXPERIMENT

‘Edible Lava’

Answer:........................................................................................
..........................................................................................................
..........................................................................................................
5.

6.

WARNING: Before eating make sure it is cool to
prevent burning fingers and mouth severely.

At what stage of an eruption would gases
probably bubble out of lava?
a.

When the magma is deep underground

b.

When the lava is in the volcanic vents

c.

When the lava flows down the sides of
the volcano

How would this fizzing affect a real volcanic
eruption?
Answer:........................................................................................
..........................................................................................................

7.

Some gasses seep out of the ground around
volcanoes. How could this be useful in
predicting eruptions?
Answer:........................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
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300 m
Figure 76.

Mt Shank aerial view. Photo courtesy of Department for Energy and Mining.

Mount Schank, South Australia
Questions
1.

Look carefully at the picture and count how
many volcanic vents there are.

2.

Answer: .......................................................................................
...........................................................................................................
At the top of the picture there is a light
coloured area of mining activity.
Why do you think this is happening so close to
the volcanic area?
Answer: ........................................................................................
...........................................................................................................
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Similarly green and yellow rectangular
patches are farms.
Why would they be so close to the volcanic
area?
Answer: .......................................................................................
...........................................................................................................

3.

Measure the diameter of the crater rims using
the scale shown.
Answer: .......................................................................................
...........................................................................................................

WARNING: This experiment should be done
under the supervision of a responsible
adult.

Now rinse the container out and add the
remaining distilled water. Light the matches
one at a time and drop them immediately into
the bottle with distilled water. Fasten the lid
and shake for 5 seconds. Test the water with
the litmus or universal indicator.

For this experiment you will need
•

Half a cup of distilled water

•

Universal indicator or three pieces each of
pink litmus paper and blue litmus

•

A drinking straw

•

Clean glass bottle or jar with lids

•

Five matches (note: sulfur used in making
matches is mined at volcanic vents)

4.

5.

Questions
1.

Was the distilled water an acid, alkali
or neutral?
Answer: ......................................................................................
..........................................................................................................
Now put half of the water in the clean glass
container and bubble air from your mouth
through the straw into the water for one
minute.
Test the water with the pink and blue litmus
papers or the universal indicator.

2.

When wood (which is mostly carbon) burns in
air, what gas forms?
Answer: ......................................................................................
..........................................................................................................

6.

Repeat for the blue litmus and or the universal
indicator.
Note: blue litmus turns pink in acid but litmus colours
don’t change in neutral water.

When sulfur in matches burns with oxygen in
air, what gas forms?
Answer: ......................................................................................
..........................................................................................................

What to do
Dip the pink litmus in the distilled water and record
the colour.

The gas we breathe out is called Carbon
di……….. which forms Carbonic…….. when
mixed in water.
(Complete the missing words)

What have these gases made after they
dissolve in the distilled water?
Answer: ......................................................................................
..........................................................................................................

7.

EXPERIMENT

Forensic Chemistry

3.

When magma is building up pressure
beneath a volcano’s crater lake before an
eruption, gases escape into the water making
it……………?
This is one reason why swimming in volcanic
lakes is a dangerous to peoples’ health.
Breathing and seeing become difficult near
vents because of gases causing irritation as
they dissolve with moisture in the eyes or
mucous in the lungs and throat.
Different types of gases come out of vents at
different stages of volcanic activity cycles. This
can be a very useful tool for understanding
timing of eruptions.

Is the water acidic or alkaline?
Answer: ......................................................................................
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Floating Rocks

EXPERIMENT

If your bathroom has a piece of pumice you
can do the experiment seen in the picture.
Drop the pumice into a container of water
and see what it does.

Figure 77. Pumice in a beaker of water (side and top view).

Questions
1.

Pumice is a rock so why does it not sink to the
bottom?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................

2.

If you have a magnifying glass, look carefully
at the surface of the pumice and explain
why it does not fill with water and sink to the
bottom after a while?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
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3.

Why can it be used as a rubbing tool to get rid
of dead skin on the feet?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................

AC TIVIT Y

Eruption History

Figure 78. Aerial view of a volcano

Questions
1.

Count how many volcanic rims there are in
the volcano.

5.

Answer: ......................................................................................
..........................................................................................................

Answer: ......................................................................................
..........................................................................................................
2.

Why would there be so many?
Answer: ......................................................................................
..........................................................................................................

3.

Find and colour in the most recent lava flow.

4.

Now find the lava flow just under it.
Is it younger or older?

How many eruptions can you see have
happened over time in this picture?

6.

Why are the rock walls in the outermost rim
more gauged and weathered than the inner
rim walls?
Answer: ......................................................................................
..........................................................................................................

Answer: ......................................................................................
Colour it in a different colour.
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AC TIVIT Y

GEOSPHERE
Half-Life Of Barium-137 Isotope Radiometric
Geochronology
Introduction
Radioactivity happens when an atom’s nucleus
has too many protons and neutrons making
it unstable. To become more stable, the
parent nucleus decays to one or more smaller
nuclei, called daughter isotopes, along with
energy released in the form of Alpha, Beta
or Gamma radiation. The radiation energy
equates to the loss of mass of the daughter
nuclei, as indicated by the equation E=mc².
This equation, developed by Albert Einstein,
described the transformation of mass into
energy.

GEOSPHERE

Where E= energy, m= mass
and c= speed of light.
This is known as radioactive decay and is
detectable with a scintillometer or Geiger
Muller Tube.

The experiment has already been done in a
laboratory for you. Meta-stable, (i.e. excited)
Barium137 has been collected from a Cesium137
parent source by dilute hydrochloric acid solution.
The meta-stable Barium-137 (137mBa) in-turn
decays by Gamma (γ) emission to a stable form of
Barium.
137m

Ba

137

Ba + γ

Note: Meta-state decay to a stable state is a process
where the barium nucleus is in an unstable energy
state when initially formed from cesium. It achieves
stability by releasing gamma radiation.
Using a scintillometer the radioactive counts of the
137m
Ba have been recorded in the Data Log every
15 seconds.
Note: 1 count / sec= 1 Becquerel (Bq)
See Table - Radioactive Decay of Barium 137.

The frequency of radioactive decay events
decreases as the number of radioactive parent
atoms decreases. Each radioactive element has
its own particular rate of decay, which can be
used to measure the passing of time.

Figure 79. Torbernite radioactive mineral from Northern 		
Flinders Ranges.
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Suggested Procedure

AC TIVIT Y

Calculate and record the net counts for each 15
second interval in the data log from the continuous
counts (Ct).
Note: (Ct1–Ct2 = Ct net)
Graph the net decay counts against time on the
Barium 137 Decay Graph sheet page 272.
RADIOACTIVE DECAY OF BARIUM 137
Data Log
Time (Min:Sec)

Counts (Ct)

0:00
0:15
0:30
0:45
1:00
1:15
1:30
1:45
2:00
2:15
2:30
2:45
3:00
3:15
3:30
3:45
4:00
4:15
4:30
4:45
5:00
5:15
5:30
5:45

0
147
218
295
355
412
416
509
578
625
674
720
775
829
868
904
940
974
1003
1040
1076
1104
1128
1148

Net Counts
Time (Min:Sec)
(Ct1–Ct2 = Ct net)
0
147
71
77
(complete the remainder)

6:00
6:15
6:30
6:45
7:00
7:15
7:30
7:45
8:00
8:15
8:30
8:45
9:00
9:15
9:30
9:45
10:00
10:15
10:30
10:45
11:00
11:15
11:30
11:45

Counts (Ct)

Net Counts
(Ct1–Ct2 = Ct net)

1173
1193
1221
1234
1235
1267
1267
1301
1320
1340
1349
1358
1372
1385
1406
1421
1430
1444
1462
1474
1484
1494
1506
1516
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Questions

AC TIVIT Y

1.

What is the maximum radiation count
recorded?
Answer:........................................................................................
At what time was this?
Answer:........................................................................................
..........................................................................................................

2.

3.

Interpolate from the graph the total time
taken for the counts to decrease to half the
maximum value.
What is this time (t) called?
Answer:.........................................................................................
...........................................................................................................

4.

Repeat this at two other segments of the
graph curve. Use these values to calculate an
average value for the half life of 137mBa.
Answer:........................................................................................
..........................................................................................................

5.

Why is it necessary to take the average value of
multiple half life calculations?
Answer:........................................................................................
..........................................................................................................

6.

Compare your calculated value of t with that
calculated by others at 2 minutes 33 seconds,
and explain any significant difference?
Answer:........................................................................................
..........................................................................................................

7.

Background radiation may come from the sun
and the minerals in the ground. This has been
measured for you as 6 counts/15 seconds.
Should this have been measured over a
long time period or is measurement over 15
seconds sufficient?
Answer:........................................................................................
..........................................................................................................

8.

Is it necessary to refine the data with this
background value? If so explain how.
Answer:........................................................................................
..........................................................................................................
..........................................................................................................
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9.

What does it mean when counts measured
equal the background count?
Answer:........................................................................................
..........................................................................................................
..........................................................................................................

10. At what time does this occur on your graph?
Answer:........................................................................................
..........................................................................................................
11. Are the counts measured in the last 5 minutes
useful?
Answer:........................................................................................
..........................................................................................................
12. What fraction of 137mBa remains one hour
after the measurements started? Would it be
safe to dispose of the barium solution now
without special precautions?
Answer:........................................................................................
..........................................................................................................
13. Would 137mBa be useful in measuring
the age of:
a.

Coal from 300 million year
old roots?

b.

A human body part from World
War 1 (1914–18)?

c.

A Tyrannosaurus Rex’s fossilised tooth
from middle Triassic?
(225 million years ago)

		

14. If your experiment was interrupted by a
telephone call at Ct = 50 Bq, how far into the
experiment was the data collection?
Answer:........................................................................................
..........................................................................................................

AC TIVIT Y
Decay Counts

Time
Barium 137 Decay
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GEOSPHERE

INVESTIGATION

GEOSPHERE

Detection Of Radioactive Particles

Warning: Teacher demonstration only.

Introduction
Radioactive elements continually undergo
a process of radioactive decay during which
their nuclei emit high speed particles and
rays. Three types of rays are given off by a
radioactive element. They are:
•
Alpha particles (positive nuclei of
helium atoms travelling at high speed)
•

Beta particles (high speed negative
electrons)

•

Gamma rays (electromagnetic waves
similar to X-rays)

These are much too small to be seen under
a microscope. The cloud chamber is an
instrument designed for the study of the
trails of these radioactive emissions.
The investigation is accomplished in
the following way. First, the air must be
saturated with water or alcohol vapour.
When the high energy particles plow
through the air, electrons are knocked
loose from some of the atoms and form
ions. Ions act as excellent centres for
condensation. This condensation, however,
must be stimulated by cooling the air. The
water vapour or alcohol condenses on the
ions, leaving a vapour trail which clearly
reveals the path of the ray.

Purpose
To directly observe radioactive decay.
Materials and equipment
•
•
•
•
•
•
•

Diffusion cloud chamber (Griffin, Taylor
pattern or other)
uranium ore (uraninite or other radioactive
source)
alcohol (methanol, ethanol or propanol)
dory ice
lamp
magnet
dropping pippette

Suggested procedure
1.

Remove the lid of the cloud chamber and
with a dropping pippette, moisten the felt
ring with alcohol.

2.

Invert the container, unscrew the base and
remove the foam plastic to expose the floor of
the cloud chamber. Using a spoon or gloves,
cover this floor with small pieces of dry ice
(carbon dioxide). Replace the foam plastic
and screw on the base. Turn the container the
right way up, replace the transparent plastic
disc.
Use the rubber wedges to level the cloud
chamber.

3.

Position the radioactive source in the chamber
(either on the bottom or by rotating the inbuilt
source of a ‘Griffin’ Cloud Chamber).
After approximately one minute, alpha (α) tracks
will be seen. Visibility is best in a darkened room
with a horizontal beam of light passing through
the cloud chamber towards the observer. A
suitable light source is provided in a ‘Harrison’
Student Optical Kit.
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Griffin Cloud Chamber

Approx. 25mm

Light Source

1
Felt ring
45°

Solid CO2
Sponge

Lens

Figure 80.

The Griffin Cloud Chamber contains two metal
screens, made of 0.102 mm and 0.025 mm thick
foil. Position the source behind either of the two
foils (by rotation of the wire in the Griffin Cloud
Chamber). A clear reduction in the lengths of the
tracks will be noticed when the 0.025 mm thick
foil is used. The 0.102 mm foil should absorb
the particles completely, but very faint beta
(13) tracks may be seen if the viewing direction
is towards the lamp and at about 45° to the
horizontal (see Figure 80).

5.

Charge the top of the container by rubbing it
with a soft woolen cloth (hard cloths will tend to
scratch the top). Observe any changes that occur
to the paths of the particles.

6.

Place first the north and then the south ends of
a bar magnet next to the cloud chamber. Again
observe any changes.

Questions
1.

What differences did your observe among the
tracks in the cloud chamber?
Answer:........................................................................................
..........................................................................................................
..........................................................................................................
What does this indicate about the rays?
Answer:........................................................................................
..........................................................................................................
..........................................................................................................

2.

INVESTIGATION

4.

Griffin Cloud Chamber

Which particles make a longer and heavier
tracks, alpha or beta? Why?
Answer:........................................................................................
..........................................................................................................
..........................................................................................................

3.

What effect did charging the top of the cloud
chamber have on the paths of the particles?
Answer:........................................................................................
..........................................................................................................
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4.

Alpha particles are positively charged and
beta particles are negatively charged. What
effect would the North end of a strong
magnet placed near the chamber have on the
paths of these particles?
Answer:........................................................................................
..........................................................................................................
..........................................................................................................

5.

What is the purpose of the dry ice?
Answer:........................................................................................
..........................................................................................................
..........................................................................................................

6.

Why is it a good idea to use a black-bottomed
Cloud chamber?
Answer:........................................................................................
..........................................................................................................
..........................................................................................................

7.

Does the rate of radioactive decay (particle
emission) slow down over a period of time? If
so, would this be noticeable in a week?

INVESTIGATION

Answer:........................................................................................
..........................................................................................................
..........................................................................................................
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GEOSPHERE
Radiation Types

Alpha, beta and gamma
α (alpha) particles
β (beta) particles
γ (gamma) rays.

All of these forms of radiation are energetic enough
to pull electrons away from atoms. The atoms that
have had electrons removed in this way are now
positivly charged particles, or ions, and hence the
name ionising radiation.

dose. The absorbed dose is the energy absorbed
per kilogram of tissue. It is measured in units called
grays (1 gray = 1 J/Kg).

The fact that these radiations are ionising allows
them to be detected and discriminated from other
forms of radiation (such as infra-red or radiowaves).
Detectors such as ionisation chambers, GeigerMuller tubes and cloud chambers all rely on the
ionising properties of these radiations to produce
measurable effects.

Alpha Particles
Alpha particles are strongly ionising but can be
stopped by paper or skin. They have a strong
positive charge (+2) and a mass of 4 (i.e. 4 times the
mass of a proton)

Properties of alpha, beta and gamma radiation

Beta particles
Beta particles are electrons - but they are called
beta particles to identify that they came from the
nucleus of an atom.

The fact that they are strongly ionising makes them
very dangerous to life, however. Think about it, your
body is a finely tuned machine, designed to carry
out complex chemical reactions between neutral
atoms. You start turning those neutral atoms into
charged ions and suddenly the reactions don’t
work. That’s how radiation disrupts the function of
living things.

Beta particles are also strongly ionising (1 beta
particle will cause ≈100 ionisations).

How do you get an electron from the nucleus? A
neutron splits up and becomes a proton and an
electron. The proton remains behind in the nucleus,
the electron is emitted.

Because it is less charged, it is not as ionising. It
therefore doesn’t run out of energy so quickly thus
having
more penetration. Because it is less
ionising, it is less damaging to us.
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An alpha particle is the same as a helium nucleus 2 protons and 2 neutrons.

Effect of ionisation on tissue
One alpha particle can ionise 10,000 atoms.
However, because it puts all its energy into ionising
others, it very quickly runs out of energy itself.
Hence alpha particles can’t penetrate through
much.

In order to quantify the effects of ionising radiation
on tissue, we define a quantity called the absorbed

GEOSPHERE

Ionising radiation comes in three varieties:
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Gamma Rays
Gamma rays are very poor at ionising (about 1 to
1) but they are very difficult to stop (they are very
penetrating). As they are not good ionisers, they are
less dangerous to life.
They are in fact pure energy (at the shortest
wavelength end of the E-M spectrum) and gamma
emission accompanies most emissions of beta or
alpha particles.
Type of
radiation

Symbol

Formula

Penetrating Power

Alpha particle

α

2
4

He+

Stopped by paper or skin

Beta particle

β

0
-1

e-

Stopped by thin metal

Gamma rays

γ

0
0

δ

reduced by many cms of
lead or a few metres of
concrete

Number of Electrons

RESEAR CH

Energy conservation and beta decay - the
neutrino
In radioactive decay, both alpha and gamma
radiation are emitted from a given nuclide with a
definite energy characteristic of the nuclide. This
is not a property of beta particles. Measurements
show a range of energies for the beta particles
emitted from a given radioactive substance
(see below).

Charge

Speed

4

+2

Slow

Negligible

-1

Fast

No mass

No charge

Speed of
light

This spread (or spectrum) of energies seemed
to contradict the conservation of energy. Why
did some particles emerge with less energy than
others? To avoid this problem it was suggested
that a new particle, the neutrino, was responsible
for carrying off the missing energy. We now know
of the existence of several types of neutrino, each
uncharged and with a very small mass - possibly
zero.

Expected energy
spread pattern

Actual energy
spread pattern
observed
Electron Energy
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Mass

Figure 81. Energy range of Beta particles emitted
from a radioactive substance.

Instability
Some atoms are unstable. They have too much
energy or the wrong mix of particles in the nucleus.
To make themselves more stable, they breakdown
(or decay) and get rid of some matter and/or some
energy. This is called radioactive decay and isotopes
of atoms that do this are called radioisotopes.
The process is spontaneous and random. You can’t
do anything to speed it up or slow it down and you
can’t predict when it will happen. The only reason
we can do any calculations on radioisotopes is
because there are huge numbers of atoms in most
samples. We can use statistics to accurately predict
what’s most likely to happen.

Background Radiation
A Geiger counter set up anywhere on Earth
will always register a count. This is due to tiny
fragments of radioactive elements present in all
rocks and soil, the atmosphere and even in living
material. The earth is also continuously bombarded
by high-speed particles from outer space and the
sun called cosmic rays. In addition, the nuclear
and health industries produce small amounts
of radiation each year. Collectively this radiation
around us from natural and unnatural sources is
called background radiation.

The chart shows the main sources of background radiation

47% radon
4% thoron
inside homes

12% medical
mainly from
x-rays

10% cosmic
rays from outer
space

12% inside our bodies
via eating, drinking
and breathing

0.1% waste
from the
nuclear
industry

0.4% from
weapons
tests and
Chernobyl

0.4% miscellaneous
mainly from air travel
and luminous watches.

0.2% occupational
from medical and
industrial uses

When carrying out practical work involving countrates from radioactive sources, allowance should
be made for this background radiation. This can
usually be done effectively by measuring the

background count in the laboratory for several
minutes, and subtracting the appropriate amount
from subsequent readings taken with the source.
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14% terrestrial
gamma rays from
rocks and soil
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GEOSPHERE
Geochronology - Age Dating Rocks, By Uranium/Lead
Fission Decay Measurement
- By Dr. Liz Jagodzinski, Geochronologist - Geological Survey of South Australia 2018.

Introduction

EXPERIMENT

Diamond drill hole GOMA DH1 is located on
the Karari Fault zone between the Coober
Pedy and Mabel Creek blocks of the Gawler
Craton. The diamond drillhole penetrated 5m
of a dark rock.

Contained within this unit are two thin, undeformed
granitic units, which may be dykes. These units are
medium grained and have a dominantly quartz–
feldspar ± biotite composition.

Two samples were collected from the drillcore for
dating. Two samples were collected for dating, they
were sample 895 and sample 896.

896

895
Exercise 1
Concordia ages

GEOSPHERE

From the data tables provided, graph and estimate
the age(s) of the two samples. Follow these steps
then interpret the results.
1.

Plot the results on the concordia diagram
provided. For each zircon analysis, plot
207
Pb/235U on the x axis vs 206Pb/238U on the y
axis.

2.

Draw a discordia trend through the points
(line of best fit) to find the Concordia intercept
ages.
Note: sample 895 has two ages, for the cores and
the rims (see the picture of the zircons below).

3.

You have calculated three ages.
What geological events are they dating?
Answer:.........................................................................................
...........................................................................................................
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4.

Write a brief geological history of the area and
draw a simple schematic sketch of what the
geology of the area might look like. The sketch
should show the relationship between the
two rock units that were dated. Assume that
the orthogneiss began life as a granite (the
technical term for this is granite protolith).
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

Exercise 2

1.

The minor squares on the graph paper
represent 5 million years. Begin by rounding
the 207Pb/206Pb age to the nearest 5. e.g. 1562
rounds down to 1560 million years, and 1563
rounds up to 1565 million years.

2.

Take the 207Pb/206Pb age of the first spot, round
the age to the nearest 5 Ma and locate this
age on the x axis of the graph. Use the key in
the top LH corner of the page to weight the
errors on the ages.

Weighted mean 207Pb/206Pb Ages
From the data tables provided, graph and estimate
the weighted mean 207Pb/206Pb age(s) of the two
samples by making a stacked histogram of all the
analyses. Use the key in the top LH corner of the
page to weight the errors on the ages (this way
ages with smaller errors will plot more tightly than
those with larger errors). Follow these steps:

Pb/206Pb (Ma)

207

Department for Energy and Mining
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Spot locations sample 895 on
cathodoluminecence (CL) images of zircons
GOMA DH1

280

Earth and Environmental Science Summer School 2018 Course Handbook

EXPERIMENT

3.

Repeat with the second spot. Where you
already have squares coloured in, stack the
new squares on top.

Pb/206Pb (Ma)

207

4.

Continue stacking the squares in this way until
you have plotted all analyses

Pb/206Pb (Ma)

207

281

5.

From the final histograms, estimate the mean
Pb/206Pb age for each age population.
The age is at the midpoint of the stacked
histogram.
207

Data Tables

Sample 896

Pb/206Pb

Spot Name

Pb*/ U
235

Pb*/ U

206

238

Age

± Ma

896.1.1.1

3.70

0.277

1562

13

896.2.1.1

3.67

0.274

1575

7

896.2.2.1

3.65

0.274

1563

14

896.3.1.1

3.68

0.275

1572

13

896.4.1.1

3.72

0.277

1576

13

896.4.2.1

3.68

0.273

1578

6

896.5.1.1

3.63

0.274

1549

14

896.5.2.1

3.62

0.268

1585

6

896.6.1.1

3.71

0.278

1559

14

896.7.1.1

3.69

0.278

1554

13

896.8.1.1

3.70

0.276

1568

14

896.10.1.1

3.59

0.269

1567

13

896.10.2.1

3.61

0.271

1554

8

896.11.1.1

3.63

0.269

1579

24

896.11.2.1

3.68

0.275

1572

7

896.12.2.1

3.72

0.279

1560

8

896.13.1.1

3.74

0.279

1572

12

896.13.2.1

3.61

0.271

1561

7
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Sample 895

Pb/206Pb

207

Spot Name

Pb*/ U

207

235

Pb*/ U

206

238

Age

± Ma

EXPERIMENT

Zircon Rims
895.4.2.1

4.44

0.311

1689

13

895.7.1.1

4.31

0.299

1710

9

895.9.1.1

4.22

0.296

1688

9

895.11.1.1

3.43

0.242

1680

14

895.13.1.1

4.16

0.293

1678

16

895.14.1.1

4.24

0.300

1671

8

895.15.1.1

4.34

0.303

1691

10

895.17.1.1

4.39

0.306

1697

9

895.18.1.1

4.24

0.299

1675

9

895.19.1.1

4.36

0.304

1695

17

895.20.1.1

4.24

0.299

1677

8

895.21.1.1

4.16

0.291

1690

8

895.41.1.1

4.27

0.300

1683

10

895.43.1.1

4.45

0.313

1683

9

895.45.1.1

4.31

0.303

1683

10

895.2.1.1

5.53

0.341

1924

22

895.3.1.1

5.84

0.360

1921

15

895.5.1.1

5.17

0.322

1906

13

895.8.1.1

5.48

0.337

1924

21

895.10.1.1

5.57

0.350

1888

9

895.23.1.1

5.51

0.341

1913

12

895.24.1.1

5.41

0.338

1895

14

895.27.2.1

5.25

0.329

1890

10

895.29.1.1

5.55

0.343

1917

12

895.31.1.1

5.98

0.365

1937

14

895.32.1.1

5.79

0.352

1945

9

895.33.1.1

5.02

0.313

1901

14

895.34.1.1

5.39

0.330

1935

11

895.35.1.1

5.18

0.319

1922

10

895.36.1.1

5.73

0.355

1915

16

895.37.2.1

5.80

0.354

1939

30

895.38.1.1

5.86

0.361

1922

17

895.39.1.1

5.87

0.357

1942

39

Zircon Cores
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0.9

3800
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3400
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* print on A3 paper
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Solution to exercise 2

1. Solution to exercise 2: Concordia intercept ages

EXPERIMENT

Concordia intercept ages

1.

1. This is the Concordia plot and ages generated by our data processing software to

with your
hand-graphed
This compare
is the Concordia
plot
and ages results.
generated by our data processing software
to compare with your hand-graphed
2. Brief geological history of the area.
results.

A granite intruded at about 1920 million years. At 1685 million years, this granite was deformed

2. andBrief
geological history
area.
metamorphosed
to formof
anthe
orthogneiss.
At 1565 million years, another granite intruded the
orthogneiss.

A granite intruded at about 1,920 million years.
At 1,685 million years, this granite was deformed
and metamorphosed to form an orthogneiss. At
1,565 million years, another granite intruded the
orthogneiss.
Figure 82. Plan view of granite outcrop at
the surface of the earth.
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0 .4 0

orthogneiss
sample 895

0 .3 5

metamorphic rims

0 .2 5

1800

igneous cores
1920 Ma

1 60 0

1400

U
238

1685 Ma

granite dyke
sample 896
1580 Ma

0 .3 0

1 20 0

0 .2 0

206

Pb/

200 0

1000

0 .1 5

0 .0 5

0 .0 0

200

0 .0

0 .5

1 .0

1 .5

2 .0

2 .5
3 .0Summer
3 .5 School
4 .0 2012:
4 .5 Geochronology
5 .0
5 .5
6 .0
6 .5
Geoscience
practical
207

2. Solution to exercise 2: Weighted histogram of

Solution to exercise 2: Weighted histogram of

235

Pb/

U

207

Pb/206Pb ages

Pb/ Pb ages

207

206
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GEOSPHERE
Radioactivity And The Environment

Warning: Teacher demonstration only.

GEOSPHERE

Introduction
Radioactive minerals contain nucleii
which are decaying known as Fission.
This process may produce either an alpha
particle (two protons and two neutrons) or
a beta particle (an electron). Gamma rays
(high energy electromagnetic radiation)
usually accompanies such decay. Nuclear
fission reactions also produce neutrons (an
uncharged atomic particle).
The effectiveness of penetration of the
above types of radiation varies greatly,
ranging from:
•

Alpha rays (stopped by human skin)

•

Beta rays (stopped by
aluminium foil or a few millimetres of
wood)

•

Gamma rays (stopped by lead of
varying thicknesses) to neutrons
(which are stopped only by great
thicknesses of concrete or water).

Purpose
After completing this exercise, you should be able
to:
1. Use a Geiger counter to detect radioactive
substances
2.

Determine burial depths needed to block
raditation from a radioactive mineral.

3.

Recognise the limitations of this method of
exploration.

Materials and Equipment
Geiger counter; measuring cylinder; quantity of
dry fine sand; small sample of uraninite, dusk mask,
safety glasses and disposable gloves.
Suggested procedure
1.

Fill the measuring cylinder with sand.
Place the Geiger counter 20 cm above the
cylinder and count for one minute. Repeat
the counting twice more. This value is
the background radiation level in our
surroundings.

2.

The uraninite sample is placed in the empty
measuring cylinder. With the counter in
the same place as for step 1, count the
radiation for one minute. Repeat the count
twice. Record the results in the table on the
following page.

3.

Cover the sample with 20 mm of sand. Once
again, count the radiation for 1 minute. Repeat
the count twice and record the results.

4.

Add another 20 mm of sand and repeat the
procedure in step 3.

5.

Continue to add sand in 20 mm increments,
measuring the radiation each time, until a
depth of 500 mm is reached.

6.

Draw a graph of thickness of sand against
counts per minute. Draw a line of best fit, then
extrapolate the curve to background radiation.

RESEAR CH

The Geiger counter used in this experiment
measures both beta and gamma radiation.

Figure 83.
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Fission track in a magnetic field.

Thickness of Sand (mm)

Counts / Minute

0
20
40
60
80
100
120
130
140

Figure 84. Griffin Cloud Chamber
fission tracks.

160
180
200
220
240
260
280

Summary
Question
What is the minimum
depth of sand which can
stop the radiation from
this sample?

✓

Answer:.................................

300
320
340
360
380
400

RESEAR CH

420
440
460
480
500

Department for Energy and Mining

288

RESEAR CH

Counts/minute

Earth and Environmental Science Summer School 2018 Course Handbook

289

Depth of Sand

GEOSPHERE
Nuclear Waste Information
Reasearch for a role play or debate
Nuclear Waste Information
•
The South Australian Environment Protection
Authority is the lead regulator of radiation
matters in South Australia. The EPA website
has a wealth of information, including the
Radioactive Waste Storage Facility Study on
potential sites for South Australia (3 stage
study dated November 2005):
– http://www.epa.sa.gov.au/environmental_info/
radiation/waste
(see bottom of page to links to the three reports,
which also includes relevant background
information that may be of use e.g. Standards in the
first report, Risks in Stage 2 report, etc).

•

The ARPANSA Near Surface Disposal Code,
defines the categories of radioactive waste.
These categories are based on international
standards set by the International Atomic
Energy Agency (IAEA). ANSTO also has some
very good information on nuclear waste and
management. Further details including a fact
sheet on radioactive waste, the code and IAEA
waste disposal can be found at –
– http://arpansa.gov.au/pubs/factsheets/
RadioactiveWaste.pdf
– http://www.ansto.gov.au/NuclearFacts/
Managingwaste/index.htm

– Please feel free to also contact the EPA Radiation
Branch: (08) 8463 7826,
email: radiationprotection@sa.gov.au.

– http://www.arpansa.gov.au/pubs/rhs/rhs35.pdf

•

•

Nuclear Waste Storage Facility (Prohibition) Act
2000 (SA), currently prohibits the importation
and disposal of radioactive waste in South
Australia. This legislation was developed to
prevent a national radioactive waste facility
being established in South Australia in the
early 2000.
– http://www.legislation.sa.gov.au/LZ/C/A/
NUCLEAR%20WASTE%20STORAGE%20FACILITY%20
(PROHIBITION)%20ACT%202000/CURRENT/2000.68.
UN.PDF

RESEAR CH

The Australian Government is also looking at
opportunities for a national radioactive waste
facility somewhere in Australia. Further details
on the program and resource information see
– http://www.radioactivewaste.gov.au/
– http://www.radioactivewaste.gov.au/resources/
related-information

– https://www.iaea.org/OurWork/ST/NE/NEFW/
Technical-Areas/WTS/disposal.html
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GEOSPHERE
Diamond Drill Core Analysis

EXPERIMENT

You will need access to the:
•
Diamond drill core inspection trays set out at
the State Drill Core Library.
Questions
1. Inspect the Diamond Drill Core for each hole
and decide whether the rocks are igneous,
sedimentary or metamorphic and find
evidence for your decision.
2.

Are there any magnetic sections of diamond
core? If yes what is the name of the drill hole?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
At what depth intervals does the magnetism
extend?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................

GEOSPHERE

What mineral is causing the magnetic
response?
Answer: ......................................................................................
..........................................................................................................
Does it contain useful (ie minerals of economic
value)? If so what are they?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................

Figure 85. Diamond coring bit and drill core.

Would any of the drillhole cores contain oil or
gas?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
What is the evidence? If so, at what depth?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
Why is the oil (if any) there and not in other
parts of the hole?
Answer: ......................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
..........................................................................................................
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GEOSPHERE

Introduction
You are provided with several beach sands
samples taken from various locations
around the South Australian coast to look
at with the binocular microscope.

After removing the dish lid, separate out the
various components with a tooth pick or pencil tip,
according to the description below. Estimate the
percentages of each component, using the pie
chart under the glass dish containing the sand.
Each pie segment is 10% of the pie.
The usual beach sand components are:
a. quartz -clear grains similar to broken glass, or
diamonds
b.

calcite -milky white shell fragments

c.

heavy minerals-black, red, pink of ilmenite,
garnet, rutile.

Your observations
Beach sand sample 1 location...................................................
d.

Quartz...................................................................................... %

e.

Calcite...................................................................................... %

f.

Heavy Minerals ................................................................. %

Beach sand sample 2 location...................................................
g.

Quartz...................................................................................... %

h.

Calcite...................................................................................... %

i.

Heavy Minerals ................................................................. %

Beach sand sample 3 location...................................................
j.

Quartz...................................................................................... %

k.

Calcite...................................................................................... %

l.

Heavy Minerals ................................................................. %

Beach sand sample 4 location...................................................
m.

Quartz...................................................................................... %

n.

Calcite...................................................................................... %

o.

Heavy Minerals ................................................................. %

Conclusions
Briefly explain where and how these types of
sediments come from to make up these different
sand from our coastline.
Answer: ...................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
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What to do
Gently shake the dish from side to side on the table
to spread the sand grains for better observation
under the microscope.

each
= 10% of circle.

GEOSPHERE

Beach Sand Analysis
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GEOSPHERE

GEOSPHERE

Why Are Some Rocks Heavy And Some Light For The
Same Size?
Introduction
Using the electric scales, weigh each rock
sample in the set provided and use the
formula given to calculate the specific
gravity of each.
Specific gravity is simply the number of
times the rock is heavier than an equal
volume of water.

Mineral

INVESTIGATION

Granite
Basalt
Limestone
Marble
Gabbro
Shale
Ore Mineral Galena
Ore Mineral Chalcopyrite
293

What to do
Obtain the dry weight of each rock sample by
placing it on the top pan of the scales. Obtain
wet weight by placing the sample on the cradle
beneath the scales, such that the sample is
completely under water.

=

Dry Weight
Dry Weight - Wet Weight

Specific Gravity

Questions
1. What effect would these values have on the
gravitational force around them?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
Would this be a way of locating ore mineral
bodies hidden from sight underground?
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
3.

Figure 86.
specimen.

Electronic scales with top pan for dry weight of rock

INVESTIGATION

2.

Why are continents made mostly of granite
and sedimentary rocks while the sea floor
crust is made mostly of basalts and gabbros?
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

Figure 87.
Electronic scales with suspended bottom pan for
submersed in water rock specimen weight.
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GEOSPHERE

Porosity

295

Introduction
The porosity and permeability properties
of a rock or sediment can be extremely
important when exploring for groundwater
or oil reserves. A suitable rock for trapping
either water (an aquifer) or oil reserves
must be both porous and permeable.

Suggested Procedure
Part A.
Porosity
1. Use your text to find a definition of porosity.
Porosity is:
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

Purpose
To investigate the porosity and permeability of a
range of sediments.

2.

Put 30 ml of water in a 100 ml measuring
cylinder. Slowly pour in some of the finegrained sediment, occasionally tapping the
measuring cylinder to settle the sediment.

Materials and Equipment
•
Samples of fine, medium, coarse and unsorted
sediments

3.

Continue to pour in the sediment until the
level of both the sediment and water are the
same. You now have the volume of the sample
which is saturated by 30 ml of water.

4.

Record your results in the table (Figure 88).

5.

Repeat this procedure for each of the other
types of sediment.

6.

Record the results obtained by other students
in the table and calculate average values.

7.

Calculate the porosity of each type of
sediment in mls per 100 mls of sediment.

8.

Graph your results on the axes provided using
an appropriate scale and colour.

•

100 ml measuring cylinder

•

2 cm diameter glass tubing (50 cm long)

•

Gauze or cloth

•

Beakers

•

Ice cream containers

•

Stopwatch

POROSITY
Sediment

My results
(mls)

Others Results
1

2

3

4

Average
(mls)

Porosity in
ml/100ml
of
sediment

Porosity
%

Fine
grained
Medium
grained
Course
grained
Unsorted
Table of results of porosity measurements.

Summary
Questions
1.

Based on your investigation write
a hypothesis about the porosity of
sediments.
Answer:.......................................................
......................................................................

2.

3.

What factors could affect the porosity
of different samples of sediment of the
same grain size?
Answer:.......................................................
......................................................................
......................................................................
......................................................................

If permeability refers to how easily a
liquid or gas moves through a porous
rock, then how would porosity affect
the potential of an artesian basin or an
oil trap?
Answer:.......................................................
......................................................................
......................................................................
......................................................................

4.

What differences in porosity would
you expect between a coarse-grained
sediment and its equivalent as a
sedimentary rock? What would cause
these differences?

✓

INVESTIGATION

Figure 88.

Answer:.......................................................
......................................................................
......................................................................

Department for Energy and Mining
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GEOSPHERE

Geological map of Black Cliff

Geological Map of Black Cliff

$

INVESTIGATION

GEOSPHERE

Hallett Cove Field Study

0 2.5 5

297

10
10

15

20
Meters
Meters

Questions
1.

6.

Take a pinch of beach sand, place it on the
green circle and look at the sand with a hand
lens. How much of the sand is:

...........................................................................................................
...........................................................................................................

Mineral quartz (clear, glassy)?
...........................................................................................................
...........................................................................................................

7.

Choose a layer on the aerial photo and find it
on the ground. Go to the white spots marked
on the photo and see which way the layer is
dipping.

8.

Draw an arrow in the dip direction on the
photo. Describe why the layers dip this way.

Garnet (pink)?
...........................................................................................................
...........................................................................................................
Bits of shells (milky white)?
...........................................................................................................
...........................................................................................................
Other stuff?
...........................................................................................................
...........................................................................................................

Walk to Black Cliff at the northern end of the
beach. Leading up to the cliff, what caused the
flatter brown rocks to be worn down to sea
level?

...........................................................................................................
...........................................................................................................
9.

What is this shape: fault, fold, anticline,
syncline or plunging folds.

10. Are there any other structures like this, here?
...........................................................................................................
...........................................................................................................
11. This is evidence of ................................................................
...........................................................................................................
...........................................................................................................

2.

Which part of the beach has mainly sand?
..........................................................................................................

3.

Which part of the beach has pebbles?

INVESTIGATION

12. Look at the cliff face to the north and draw the
structure you see in the cliff face.

...........................................................................................................
...........................................................................................................
4.

Which part of the beach has boulders?
...........................................................................................................
...........................................................................................................

5.

Why is there this grouping?
...........................................................................................................
...........................................................................................................

Department for Energy and Mining
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13. Now walk up the path to the top of the cliff
and look at the flat shiny brown rock surface,
shown in the photo below. Why is it flat, shiny
and why does it have scratches?
...........................................................................................................
...........................................................................................................
...........................................................................................................
14. Does this mean that rocks are missing now?
...........................................................................................................
...........................................................................................................

19. Walk along the path. Can you find evidence
of a sea level change causing this area to be
under sea water?
Explain your evidence and draw any diagrams
to support your case?
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

15. Is this evidence of climate change?

INVESTIGATION

...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

Figure 89.

Top of black cliff Hallett Cove.

16. Which was formed first, the brown shiny rock
or the lighter coloured loose dirt on top?
...........................................................................................................
...........................................................................................................
17. How would this explain the presence of big
boulders on the beach?
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
18. What would have been the effect on the sea
level and where the beach would have been?
...........................................................................................................
...........................................................................................................
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20. As you walk from the brown rocks on the
beach, to the top most-sandy layers of the
hill tops, are you going into younger or older
rocks?
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
21. Sea level can change by several processes.
What you think these are?
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

GEOSPHERE

Introduction

1.

This field study is designed to visit a
number of places on Fleurieu Peninsula
which display the variety of rock types and
the environments of formation. The time
range over which this has happened is from
600,000,000 million years ago till now.

While travelling South to Sellicks Hill Quarry,
you will see a number of long hills face zones.
These have been earthquake active in the past
so are referred to as:
a. Joint planes
b.

Faults

c.

Intrusions

d.

Lava flows

e.

Stranded beach dunes

GEOSPHERE

Fleurieu Peninsula Geological Field Study

Circle the one you think is correct.
2.

Figure 90. Eden Burnside Fault, Clarendon Fault,
Willunga Fault.

Identify these features on the Satellite photo of
Fleurieu Peninsula. They will appear like fuzzy
lines of colour change in the green vegetation.
They mostly go in a North Easterly direction
and indicate a change in the land level
(Elevation).

INVESTIGATION

Fleurieu Peninsula Geology Field Study
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At Sellicks Hill Quarry

The Bluff at Victor Harbour

Here you will have the opportunity to see a rock
mining operation in action. You will also collect
some fossils which are referred to as marker fossils.
This means they have a wide distribution over the
earth and a short time span over which they lived.
They are used to age date rocks and correlate them
in time. They are found in the Flinders Ranges, here
and the Antarctic.

5.

3.

4.

Your job is to look at the rocks which have
fossils in them and sketch the complete fossil
in 3 Dimensions.
Find it on the geological time scale attached
and record its age range in the space below.

INVESTIGATION

...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
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What is the significance of the rocks at this
location?
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

Inman Valley
We will walk down to the creek bed to study the
rocks in the creek floor and the bank.
6.

Sketch the two sets of features and label them
in the space below.

7.

What happens here?
...........................................................................................................
...........................................................................................................
...........................................................................................................

Sellicks Beach

Port Willunga Beach

Look at the clay cliffs at the eastern end of
the beach car park and sketch the peculiar
arrangement of the pebbles at the vertical face.

Look at the rocks scattered around the beach and
the cliff face, and see how many different fossils you
can spot.

These are will be called conglomerates when they
consolidate into rock.

10. Try to identify them with the pictures below
and circle the pictures of fossils you have
found. You may wish to keep some for your
personal collection.

8.

How do you think they formed into this lens
shaped pattern?
...........................................................................................................
...........................................................................................................
...........................................................................................................
Are they;
Recent/ Old / Very Old?

Some fossils of Pt. Willunga Basin

ECHINOIDS SPINES (x 1)

ECHINOIDS (x 1)

BRACHIOPODS (x 1)

BRYOZOANS (x 2)

PECTEN (x ½)

CLAM (x 1)

INVESTIGATION

9.

OYSTER (x 1/2)

B I VA LV E S

TURRITELLA
CASTE (x 1)

TURRITELLA (x 2)

NAUTILDID (x ¼)

GASTROPODS

Department for Energy and Mining
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Aldinga Beach If time permits.
11. Sketch the wave front crests at each of the
following features as seen from a bird’s eye
view.

INVESTIGATION

Straight coastline

303

Embayment

INVESTIGATION

Head land

Offshore Reef parallel to the coast

Department for Energy and Mining
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Hallett Cove
Here you will:
12. Look at the pebbles on the beach surf zone.
Where may they have come from?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
13. Do some mapping of the chocolate brown
rock patterns outcropping on the wave cut
area of the beach using your aerial photo,
compass and clinometer.
What shape does this pattern represent and
how was it formed?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
14. Walk to the top of the cliff along the marked
path and look carefully at the smooth brown
pavement rock surface. How did this surface
form?

15. Does this look similar to the surface of rocks
from a previous site seen today? If so what is
the connection?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
16. Is this evidence for a different climate in the
past? If so explain what it was?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

INVESTIGATION

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

Figure 91.
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Ariel view of Hallett Cove. Photo courtesy of Department for Energy and Mining.

GEOSPHERE

Introduction
This field study will focus on understanding
the natural processes which produce
environmental disturbances when sulfide
minerals are mined and the site is left
exposed to the weather.
Testing water samples for acidity and
chemical content will reveal the nature
and extent of the pollution. This will lead
to possible strategies for managing the
problem.

Questions
1.

4.

What ore was extracted from the mine?

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

Answer: ........................................................................................
............................................................................................................
2.

What was purpose of mining the ore?
Answer: ........................................................................................
............................................................................................................
............................................................................................................

3.

What mining method was used to remove the
ore?
Answer: ........................................................................................
............................................................................................................
............................................................................................................

List good and bad points of this mining
technique.

5.

INVESTIGATION

GEOSPHERE

Brukunga Mine Environmental Field Study

Why is the mine now closed?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

6.

What separation technique was used to purify
the ore?
Answer: .......................................................................................
...........................................................................................................

Department for Energy and Mining
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7.

What problem has this now created?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

8.

Why is there a problem with the waste rock
dumps?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

9.

What is being done to the waste rock dumps
to try to rehabilitate the mine?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

10. Tailings are what remains after the useable ore
mineral is separated off.

INVESTIGATION

Why do the tailings deposit in the valley next
to the water treatment still produce acidic
water?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
11. What strategy has been used to reduce the
volume of polluted water produced?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
12. Dawsley Creek runs through the mine site.
Why is this such a problem?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
13. What is the initiative which has been made to
reduce this problem?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
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14. What type of acid is neutralised by the plant?
Answer: .......................................................................................
...........................................................................................................
15. What is the pH value?
Answer: .......................................................................................
...........................................................................................................
16. Is this worse in summer or winter? Explain
why?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
17. Where does the acid come from?
Answer: .......................................................................................
...........................................................................................................
18. Write an equation for the neutralisation
process?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
19. What is the final pH of the solution as it leaves
the settling tanks?
Answer: .......................................................................................
...........................................................................................................
20. What are the other pollutants that are
removed by the alkali?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
21. Write a typical equation to illustrate this
process?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
22. Why is it important to remove these
substances?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................

Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
24. How is the ‘V notch weir’ used by the mine
manager to calculate the amount of water
coming out of the tailings and mine?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
25. If a tanker load of acid neutralising solution
costs $7000, calculate the yearly cost of
treating the polluted water if an average of
two tanker loads are needed every week.
Answer: .......................................................................................
...........................................................................................................
26. Why the pH of the treated solution above 7
when it is put back into the creek?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
27. If a ‘walk-away solution’ to the pollution being
generated at Brukunga was preferred, how
would you do it?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
28. How does the mine manager know that all
these environmental rehabilitation initiatives
are working?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

29. All sulphide mineral mines (eg copper, zinc,
lead, iron...) have the potential to produce
acidic water which can leach heavy metals
from the rocks. The South Australian Mining
laws prohibit any mining until environmental
management processes are agreed on
by government officials and the mining
company. Inspectors then regularly visit the
mine site.
What do you think they would do on their
visits?
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
30. Outline the cause of the environmental
problems associated with this mine and how
they impact on the surrounding areas.
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
31. How chemistry and engineering being used
to overcome the environmental impact of the
mine at Brukunga.
Include chemical equations where
appropriate.
Answer: .......................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

Department for Energy and Mining
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23. What is done with the solid precipitate
containing the pollutants?
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1.2
HYD R O S P H E R E
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HYDROSPHERE
Drill Hole Geophysical Logging For Groundwater
Aquifer Management

In writing this booklet I have received generous
support from past and present members of
the Geophysics Drillhole Logging Team of the
Department of Water Land and Biodiversity
Conservation. These include Don Freebairn, Jim
Alvey, Victor Freschi, David Catley, Brian Traeger,
Glen Kleinschmidt and Steve Sincock.
Their experience and knowledge have made it so
much easier for me to explain the concepts and
applications of Geophysics to understanding what
goes on underground, through the use of very
clever sensing technology.
John Mignone B.Sc., Dip.Ed.
Education Officer
Mineral Resources Division,
Department of State Development

Figure 92. Bore hole
logging to detect an aquifer
for irrigation of crops.
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Introduction
Geophysical logging is the recording of
rock characteristics at regular intervals,
along the depth of a drill hole.
The tools used are called geophysical
probes.
These probes detect the rock’s natural
radioactivity, porosity, density, electrical
resistance and many other aspects. Video
cameras can also be sent down the drill
holes for a visual inspection.

RESEAR CH

The probes are usually lowered to the
bottom of the drill hole and then switched
on to record data as they are pulled up at a
steady rate.
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Why log drill holes?
The logs will show the following rock properties:
•
Define rock layer boundaries.
•

Assist in correlation of important marker beds
between wells.

•

Define changes in rock type including:
•

The clay content of a rock formation.

•

Distinguishing shale and claystone from
sandstone and limestone.

•

Where the aquifers are located down the hole.

•

Depth, thickness and grade of coal seams.

•

The thickness and location of mineralised
rocks.

•

Where petroleum reservoir layers are and cap
rock.

•

The depth to the water table for monitoring
level changes.

•

The depth at which casing should be set in
new bore holes.

•

The casing depth and size in old bore holes.

•

The condition of the casing e.g. corrosion.

•

Whether an aquifer is porous rock or fractured
rock.

•

Leaks between salty and fresh water aquifers.

Figure 93. Down Hole Video Camera Probe.
Courtesy of John Mignone.
Figure 94. Drilling rig in action. Courtesy the Department for
Energy and Mining.

THE GAMMA PROBE
or GAMMA RADIATION DETECTOR PROBE
The Gamma Probe detects natural radiation (called Gamma
Radiation) made by Potassium, Uranium and Thorium atoms
during fission decay. These are found in clay minerals in
larger concentrations than other rock forming minerals.

Types of Probes
The gamma probe or gamma radiation detector
probe
The gamma probe detects natural radiation (called
gamma radiation) made by potassium, uranium
and thorium atoms during fission decay. These are
found in clay minerals in larger concentrations than
other rock forming minerals. They also produce
Alpha and Beta radiation, which is not detected
because this radiation cannot go through the steel
casing around the sensor. The casing is built to
protect the electronics inside from high-pressure
and often saline corrosive water.

They also produce Alpha and Beta radiation, which is not
detected because this radiation cannot go through the
How it works
steel casing around the sensor, which is built to protect
theThe
electronics
from high-pressure
and often saline
probe hasinside
a scintillometer,
which detects
corrosive
gammawater.
radiation from the rock.

Conclusion:
How
it works
Detection of low Gamma values indicates low

The
probe has
a scintillometer,
which sandstone
radioactivity
from
rocks such as quartz
detects Gamma radiation from the rock.

or limestone or salt or coal. Detection of high
gamma values indicates high radioactivity from
rock such as clay rich rock formation like claystone
or shale or siltstone or poorly sorted sandstone
(e.g. greywacke).
CONCLUSION
Detection of low Gamma
values indicates low
radioactivity from rocks such
Example Log 1 - Rock Formation
Example Log 1
as quartz sandstone or
limestone or salt or coal.
Rock
Formation
THE
GAMMA PROBE

Types of Probes

or GAMMA RADIATION DETECTOR PROBE
Detection of high Gamma

Rock Type
values indicates high
detects natural radiation (called Gamma
from rock such
Radiation) made by Potassium, Uranium and Thorium radioactivity
atoms
as
clay
rich
rock formation
during fission decay. These are found in clay minerals in
larger concentrations than other rock forming minerals.like claystone or shale
or siltstone or poorly
They also produce Alpha and Beta radiation, which is not
sorted sandstone (e.g.
detected because this radiation cannot go through the
greywacke).
steel casing around the sensor, which is built to protect
the electronics inside from high-pressure and often saline
corrosive water.

How it works

claystone,
mudstone or
shale

limestone

Gamma (counts/sec)
The
Gamma Probe
Increase 

sandstone

The probe has a scintillometer, which
detects Gamma radiation from the rock.

Scintillometer Probe. Courtesy of John Mignone.

Example Log 1
Rock Formation

limestone

Rock Type

ystone,
stone or
hale

Gamma (counts/sec)
Increase 

Detection of high Gamma
values indicates high
radioactivity from rock such
as clay rich rock formation
like claystone or shale
or siltstone or poorly
sorted sandstone (e.g.
greywacke).

Department for Energy and Mining
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Figure 95.

CONCLUSION
Detection of low Gamma
values indicates low
radioactivity from rocks such
as quartz sandstone or
limestone or salt or coal.
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The Density or Cs137 Gamma Radiation
Emitting Probe
The density probe detects the rock density. Density
is the mass of one cubic centimetre of rock.
Uses
This is helpful in finding changes in rock type or
cracks in the bore hole lining or rock formation.
The probe detects changes in rock density
caused by minerals containing heavy elements or
compaction and cementing between solid mineral
grains.
How it works
The probe is pushed against the rock by a spring
caliper. At the bottom of the probe is an onboard
radiation source – cesium 137, which sends gamma
radiation into the rock.

Higher density minerals are made of atoms with
larger atomic mass. These atoms have larger
numbers of electrons in orbit (to balance the
opposite nucleus charge) for the Gamma radiation
to collide with.
Conclusion:
The Radiation Count of surviving Gamma is
inversely proportional to the rock density i.e. the
lower the Gamma backscatter count the higher
the rock density.
This is because rocks of higher density contain
elements of higher atomic number or atomic
mass, which in turn have larger electron clouds
to balance the nucleus charge. The likelihood of
Gamma radiation absorption increases with higher
density rock.

The gamma radiation hits electrons in the rock
minerals repeatedly, losing energy each time until
they are absorbed completely. The remaining
backscattered Gamma rays are detected by the
sensor further up the probe.

Types of Probes

Example
2 Density log is derived from the Gamma counts log
Example
Log 2 -Log
The Rock

The Rock Density log is derived from the Gamma counts log

Increase 

claystone,
mudstone or
shale

RESEAR CH

rock salt

}

Rock Density

Rock Type

basalt

Backscatter
Gamma (counts/sec)
Increase 

Note: the Log
of Gamma
counts
and thecounts
Interpreted
Log
Note:
the Log
of Gamma
and Density
the Interpreted
have an inverse
relation
eachanother
i.e. mirror
images.
Density
Logto
have
inverse
relation
to each other
315

i.e. mirror images.

}

Low Backscatter
Gamma count =
High Rock Density

The Porosity or Neutron Probe
The probe has a detector, which is tuned to
measure only the arrival of the surviving, low
energy neutrons, known as Epithermal neutrons.
The higher the water or hydrocarbon content of
the rock’s pore spaces, the lower the surviving
neutron count.

The porosity of a rock is the amount of space
between solid rock particles which the porosity
probe measures indirectly.
Uses
Porosity space in rock is filled by water and/or
petroleum fluids called aquifers and reservoir rocks
respectively. Some examples are sandstone, gravel
or limestone.

Conclusion
Low neutron counts = High water content
= High clay-bound
water content or pore space
water (not as high)*

Low porosity rocks, usually made of clay or silt, stop
liquids from moving.
How it works
The porosity probe has a neutron source of
Americium - Beryllium at the bottom. This creates
high energy neutrons, which travel into the rock
formation.
The neutrons lose energy after every collision with
atoms in the rock minerals. The greatest energy
loss happens when the neutron hits an atom of
similar atomic mass (e.g. Hydrogen in H2O), which
are mainly located in the pore spaces. The more
collisions with H2O, the more energy that is lost,
until the neutron is captured by a nucleus. The
Types
ofemitted.
Probes
capture causes a Gamma
ray to be

*Note: Clay contains high levels of bound H2O,
(higher than porous sand aquifers). When a
high Gamma log corresponds to a very low
neutron reading, the formation is a clay layer.
But high Gamma opposite not so low Neutron
means sandstone or porous limestone aquifer.
Interpretation of water content should be made in
conjunction with the “Clay Line” indicated by the
Gamma log and Neutron log.

Example
Log 3 - The Rock Density log is derived from the Gamma counts log
Example Log 3
The Rock Density log is derived from the Gamma counts log
Neutron
(counts/sec)
Increase 

claystone,
mudstone
or shale

}
}

claystone sandstone
porous
limestone

clay line

Apparent
Porosity
Increase

Neutron count
is very low due
to very high
water content
of clay
Neutron count
is not as low.
Porosity space
holds less water
than clay

RESEAR CH

basalt

Rock Type



Background Gamma
(counts/sec)
Increase 

clay line
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Uses

Electrical Resistance or Point Resistance (Pr)
Probe

The probe can be used to find salty water or fresh
water aquifers.

The electrical resistance of the earth varies for
several reasons, including:

Types of Probes
How it works

•

Salinity of water or electrolyte
concentration.

The resistance between a down-hole electrode and
reference surface electrode
is measured.
ELECTRICALaRESISTANCE
or POINT
The rock porosity.
RESISTANCEThe
(PR)
PROBE
changes
in current flow between the two
points indicate
the changes
rock formation
The “connectivity” of the liquid The
in the
electrical resistance
of the earth
varies forinseveral
resistance. This is mainly caused by the amount
formation i.e. permeability. reasons, including:
of salt
water contained
by the rock, i.e. less
•
Salinity of water
or in
electrolyte
concentration.
Thetypes
probeofcan
be in the rock
The
minerals
dissolved
salt
increases
resistance.
used to find
salty
formation
i.e. sulphide
minerals• are The
goodrock porosity.
water
or
fresh
water
•
The
“connectivity” of the liquid in the formation
conductors of electricity while calcite, clay
aquifers.
i.e.
permeability.
and quartz are not.

•
•
•

Uses

•

Example Log 4

The types of minerals in the rock formation
i.e. sulphide minerals are good conductors of
electricity while calcite, clay and quartz are not.

Example Log 4

How it works

Resistance
Increase 

The resistance between
a down-hole electrode
and a reference surface
electrode is measured.
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sandstone
dense limestone
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claystone,
mudstone or
shale

sandstone

shale

conglomerate

Rock Type

8

}

}

High
Resistance =
low salinity
water =
Good Aquifer

Low Resistance =
High salinity water =
Bad Aquifer

The changes in current
flow between the
two points indicate
the changes in rock
formation Resistance.
This is mainly caused
by the amount of salt in
water contained by the
rock, i.e. less dissolved
salt increases resistance.

Types of Probes
Uses

THE CALIPER PROBE

probe
is used to measure the diameter of the drill hole from bottom to top.
TheThis
Caliper
Probe
Changes in the regular diameter of the hole may be due to:

Uses

•

Wearing of the bit as it drills down through the rock.

•

Minerals deposited around the inner wall of the casing.

This probe is used to measure the diameter of the
•
Collapse of the softer
rockof
formations.
Types
Probes
drill hole from bottom to top.

•

Clay formation swelling into the drill hole
as it absorbs water from the drilling mud.

Changes
in the regular
diameter
the hole
be
Drilling mud deposits on the aquifer wall
•
Rusting
out of
metal of
casing
or may
damaged
plastic•casing.
THE CALIPER PROBE
due to:
drill mud
is absorbed
into the
•
Clay formation swelling into the drill hole as it absorbsaswater
fromwater
the drilling
mud.
Uses
aquifer.
Wearingmud
of thedeposits
bit as it drills
down
• • Drilling
on the
the
aquifer
wall
drill
water
This probe is used
to measure
diameter
of the
drillas
hole
frommud
bottom
to top.is absorbed into the
through
the
rock.
aquifer.
Changes in the regular diameter of the hole may be dueHow
to: it works
•
Collapse
of theof softer
rock
formations.
•
Wearing
the bit as
it drills
down through the rock.
The caliper probe is lowered to the bottom of the
•
Collapse of the softer rock formations.
•
Minerals
deposited around the inner wall
hole and the probe caliper arms are opened by a
•
Minerals deposited around the inner wall of the casing.
of •the Rusting
casing.out of metal casing or damaged plastic casing.
The Caliper Probe is lowered to the bottom of the
hole
andtillthe
probe
caliper
arms
motor
drive
they
contact
the sides
of the hole.
•
Clay
swelling
into
drill hole
as it absorbs
water
from
drilling
mud.
are
by
aof
motor
drive
till
they
contact
theThe
sides
of the
the
hole.
The
distance
• opened
Rusting
outformation
metal
casing
orthe
damaged
distance
between
the arms
is the diameter of
• the
Drilling
on the aquifer
wallhole.
as drill The
mud water
absorbed
into
between
armsmud
is deposits
the diameter
of the
is then
pulled
the to
surface
plastic
casing.
theprobe
hole.is The
probe
is the
then to
pulled
the surface
aquifer.
measuring the diameter of the hole as it goes. measuring the diameter of the hole as it goes.

How it works

How it works
Background Gamma

Rock Type
Caliper
The Caliper Probe is lowered
to the bottom of the hole and the probe caliper arms
(counts/sec)
millimetres

Example Log
are5opened by a motorIncrease
drive till they
 contact the sides of the hole. The distanceIncrease 
between the arms is the diameter of the hole. The probe is then pulled to the surface
measuring the diameter of the hole as it goes.

}

}

Washout
in soft rock
formation

Narrowing
of drill hole
due to
mudcaking

}

}

Washout
in soft rock
formation

Narrowing
of drill hole
due to
mudcaking

9

Bore Hole Diameter Probe. Courtesy of John Mignone.
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basalt

lignite-coal/
claystone

Drill Bit
Diameter

sandstone

lignite-coal/
claystone
sandstone
dense
limestone

Figure 96.

Drill Bit
Diameter

Caliper
millimetres
Increase 

dense
limestone

Rock Type

basalt

Background Gamma
(counts/sec)
Increase 
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The Video Probe
Uses

How it works

The Video Probe is switched on at ground level to
record a continuous video of the drill hole wall rock
or casing, all the way to the bottom.

The video camera has a small light to shine on the
drill hole walls. The picture is sent via cable to the
surface where it is recorded on DVD.

It can then be used to inspect the condition of the
drill hole.

Check your facts with Practice Problems
Problem 1		

Problem 2		

Caliper Probe

Study the drill hole diameter logged by the caliper
probe on page 322 geophysical data logs of the
KAPI drill hole.
Questions
1.

Study the rock formation gamma radiation log for
the KAPI drill hole on page 322.
Questions
1.

Identify and mark where the:
•
Drill bit started to show wearing out?
•

The rock formation was softer and
collapsed?

RESEAR CH

2.

Study the Log of natural Gamma radiation
emitted by rock. Find the clay-rich formation
layers on the graph and mark their upper and
lower boundaries.
Note: Clay rich layers may be claystone,
mudstone, shale or poorly sorted gravel or
sandstone.
How many clay rich layers did you find?
Answer: .......................................................................................
Also mark the non-clay rock formation layers.

3.

Figure 97.
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Natural Gamma Probe

Line up all the clay rich segments and draw a
vertical line to join them, this will be your “Clay
Line”.

Down Hole Video Camera Probe, John Mignone.

Problem 3
Density or Cs137 Gamma back		scatter Probe

Problem 4

Questions

Questions

1.

1.

Complete the statement:
•
The (Lower / Higher) the fluid content
of the rock, the bigger the P……………
value of the rock formation.

2.

Draw the missing segments of the porosity
log.

The rock formation between 42 metres to 60
metres down the drill hole, shows a gradual
change in density.

3.

Mark the sections where the rock porosity is
high.

4.

Mark the sections of very low porosity.

How is it changing and what could cause this
in the sediment composition?

5.

Label the rock formations which could be
aquifers.

Answer:.........................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

6.

Find the clay line on the natural gamma log
and see where the neutron log corresponds
for the clay rich formations.

7.

Draw a similar line on the neutron log and
porosity log.

8.

Does this help to show where the aquifers are?

Study the density log which has been
interpreted from the Cs137 back-scattered
gamma rays recorded by the probe’s sensor.
•

3.

There are two possible coal seams (layers).
Mark where they are on this log.

Main rock forming
mineral

Density in gm/cc

Pore–space fluid

Density

Dolomite

2.87

Fresh water

1.00

Calcite

2.71

Salt water

1.13

Shale

2.7

Fresh water +3% oil

0.9-0.94

Quartz

2.65

Fresh Water +30% gas

0.73-0.78

Rock Salt

2.03

Coal

1.1-1.5

RESEAR CH

2.

Draw in the missing sections of the
Cs137 backscattered Gamma radiation
log.

Porosity or Neutron Probe

Department for Energy and Mining
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Problem 5

Resistance Probe

Problem 6

Questions

Questions

1.

1.

Choose the correct term in the brackets to
complete the sentences:
•

•

The lower the total dissolved salts in the
water the (Lower / Higher) its electrical
resistance will be.
Dry Rock will show (High / Low) electrical
resistance unless it contains conductive
sulfide minerals, in which case it will
show (High / Low) electrical resistance.

2.

Show on the fluid log where fresh, low salinity
water is located as a possible aquifer. This
should be isolated for the bore to supply good
quality water.

3.

If the depth scale is 2 m per increment,
calculate the thickness of the aquifer:
………… metres.

4.

Which layers are sandstone and which are
porous limestone? Explain why.

Video Probe

Why are all the probes sent to the bottom
before being switched on to record data
except the video probe which is switched on
at the top?
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

2.

List some uses of the video probe.
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

Answer:.........................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
Hint: Study the rock density table and the density
log.
5.

Study the resistance log and the porosity log
to decide where petroleum might be found.

RESEAR CH

Hint: Think about whether oil and gas are good
or bad conductors of electricity.
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Figure 98.

Fossil rich sandstone. Courtesy of John Mignone.

Geophysical data logs for
KAPI Drill Hole
Geophysical data logs for KAPI Drill Hole

SCALE
2m/

Caliper
Diameter
Increase 

Natural
Rock
Gamma
Increase 

Cs137
Gamma

Rock
Density

Increase 

Increase 

Neutron
Increase 

Apparent
Porosity
Increase 

Resistance
Increase

Fluid
type

Drill
Diameter

RESEAR CH

Rock
Type
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Case Study 1

Glenside Geophysical Technical
Glenside Geophysical Technical Services
Services Laboratories Test Bore Hole
laboratories test bore hole
Case Study 1

Below is the Gamma Log printout
Below of
is the
theGlenside
Gamma Log printout of the Glenside Geophysical
Geophysical Technical Services laboratories test
Technical Services Laboratories Test Bore Hole for you to study.
bore hole for you to study.

0.0m

20.0m

40.0 m

RESEAR CH

60.0 m

80.0 m

100.0 m
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17

Questions

Case Study 2

1.

What type of logging probe was used in this
part of the survey?

C? Bore Hole

Answer:.........................................................................................
...........................................................................................................
...........................................................................................................

1.

2.

What does the probe detect and what is
producing the signal in the rocks?
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................

3.

Is this signal source a problem for the use of
water from this bore?
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................

4.

What is the maximum depth to which the
bore hole descends?

Questions
Study the coloured logs below. Find and mark
where the three aquifers are on the log i.e. two
thin ones and a thicker one.
Explain your answer.

Case Study 2

Answer:.........................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................
C? Bore Hole
...........................................................................................................
...........................................................................................................
Question 1
...........................................................................................................
Study the coloured logs below. Find and mark where the three a
...........................................................................................................
on the log i.e. two thin ones and a thicker one. Explain your ans
...........................................................................................................
Answer …………………………………………………………………
...........................................................................................................
……………………………………………………………………………
...........................................................................................................
...........................................................................................................
……………………………………………………………………………

Answer:.........................................................................................
...........................................................................................................
...........................................................................................................
Mark the depths at which anomalies were
detected and record them below.
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................
6.

Resistance

0.0 m

50.0 m

Use the water level probe to find how far
underground the water level is and record it
below. This is called the water table.
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................

8.

Neutron

What is the total thickness of the anomalies?
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................

7.

Natural
Gamma

100.0 m

Is it possible to tell whether there is an aquifer
underground and how deep and thick it is?
Explain your answer.
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................

RESEAR CH

5.

150.0 m
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Solutions to Check Your Facts Problems
Study
3 Handbook
Earth and Environmental ScienceCase
Summer School
2018 Course
Rock
Type

SCALE
2m/

Natural
Rock
Gamma

Caliper
Diameter
Increase 

Increase 

Cs137
Gamma
Increase 

Drill
Diameter

Apparent
Porosity
Increase 

Blewitt Springs Log

Increase 

Neutron

Increase 

Resistance

Fluid
type

Increase

Case Study 3

0.0 m

stone

Rock
Density

Clay line
Blewitt Springs
Question
1 lineLog
Clay
Using
only the Gamma log, draw in the “clay line”
Questions
and
identify
the
be aquifers.
1. Using only
thesections
gamma log,that
drawcould
in the “clay

Clay line

}

stone

Freshwater
sandstone

line” and identify the sections that could be
aquifers.

Question 2
2. Between
39–44
m the clay
shows
a shows a
Between
39–44
metres
thelayer
clay
layer
sudden
drop
in
density
at
the
42
m
depth.
sudden drop in density at the 42 m depth. What
it be made of to show such a low
couldWhat
it becould
made
of to show such a low density?

shale

density?

}

Freshwater

Answer
……………………………………………….
sandstone
Answer:.........................................................................................

stone

...........................................................................................................
………………………………………………………….

20.0 m

shale

...........................................................................................................
...........................................................................................................

erate

Question
3 caliper log and explain what the
3. Study the
Study condition
the Caliper
andisexplain
what
of thelog
drill hole
like and why
andthe
whereof
there
anyhole
washouts.
condition
theare
drill
is like and why and where
there Answer:.
are any
washouts?
........................................................................................

stone

...........................................................................................................
Answer
…………………………………….…………
...........................................................................................................
……………………………………………………….…

stone

4.

Between 48–52 metres the Neutron count

Oil, Gas/

Saltwater,
……………………………………………………….…
goes high indicating the water content is

shale

(Low / High)?

40.0 m

limestone

Question
4
This coincides
with an increase in resistance
Between
theof Neutron
count goes
and a48–52
density metres
drop. Which
the following
could explainthe
these
readings?
Explainis
your
high indicating
water
content
(Low
/ High)?
Freshwater

stone

stone

answer.

}

limestone
This coincides with an increase in Resistance
and a a.Density
drop. Which of the following could
Salt formation
explain
Explain your answer.
b. these
Lignitereadings?
coal formation

stone

shale

a.
b.
c.
d.

coal

ands
80.0 m

coal

RESEAR CH

rock
salt

}

……………………………………………………………
Caliper

Neutron

Gamma

Resistance
Density
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c. formation
Gas e.g. air pocket
Salt
d. Fresh
water
spring
Lignite
coal
formation
Freshwater
Gas e.g. air pocket
Answer:.........................................................................................
sandstone
Fresh
water spring
...........................................................................................................

...........................................................................................................
...........................................................................................................
Answer
…………………………………………………

shale

2

}

...........................................................................................................

shale

20

……………………………………………………………

Case Study 4
Blue Lake, Mt Gambier
Study the logs and answer the questions below.
Scale 2m/

Case Study 4
Blue Lake, Mt Gambier

Question 1
the logs and answer the questions below.
MarkStudy
the Clay
formations.
Questions

1. Mark2the clay formations.
Question
Mark2.theMark
Clay
onon
the
theLine
clay line
theGamma
gamma logLog
and and
corresponding
neutron
log.
corresponding Neutron Log.
3.

Mark the aquifers.

Question
3 any area of wall collapse in the bore
4. Is there
Mark thehole?
aquifers.
Answer: .......................................................................................
...........................................................................................................
Question
4
.
.
.........................................................................................................
Is there any area of wall collapse in the bore hole?
5. Why should all these aquifers be sealed off to
Answer …………………………………………..……..
stop water flow into the bore hole?
Answer: .......................................................................................

Question
5
...........................................................................................................
Why should
all these aquifers be sealed off to stop
...........................................................................................................
water6.flow
theis very
bore
Theinto
density
lowhole?
in several places. Mark
these sections and suggest why.
Answer …………………………………………..……..
Answer: .......................................................................................

……………………………………………………………
...........................................................................................................
...........................................................................................................

Question
7. Why6are these lower density sections not likely
to beis
sink
holes?
The Density
very
low in several places. Mark these
sections Hint:
andLook
suggest
why.
back at the
formation density table.
Answer …………………………………………………
Answer: .......................................................................................
...........................................................................................................

……………………………………………………………
...........................................................................................................
...........................................................................................................
...........................................................................................................
Question
7
...........................................................................................................

Why are these lower density sections not likely to be
Sink Holes?

RESEAR CH

Hint: Look back at the Formation Density Table.

Answer …………………………………………………

……………………………………………………………
Caliper

Neutron

Gamma

Resistance

……………………………………….……………..……

Density
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Solutions to Check Your Facts Problems

Solutions to Check Your Facts Problems
Down hole rock strata producing geophysical responses
Rock
Type

claystone

sandstone

SCALE
2m/

Caliper
Diameter
Increase 

Drill
Diameter

Natural
Rock
Gamma
Increase 
Clay line

Cs137
Gamma

Rock
Density

Increase 

Increase 

Neutron
Increase 

Apparent
Porosity
Increase 

Resistance
Increase

Fluid
type

Clay line

Clay line

}

Freshwater
sandstone

shale

sandstone

}

Freshwater
sandstone

shale
conglomerate

sandstone

shale
limestone
shale

}

Oil, Gas/
Saltwater,
limestone

limestone
limestone
limestone

}

Freshwater
limestone

shale

RESEAR CH

coal
sands
coal
shale
rock
salt

327

22

}

Freshwater
sandstone
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4.3
GEOSPHERE
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GEOSPHERE

•

Plane table on tripod

This method of positioning land marks/
features onto a map involves establishing a
base line at two extremeties of the area to be
mapped.

•

Alidade

•

Mapping Sheet taped to table top

•

Magnetic Compass

Land marks are sighted using the alidade’s
telescope set on the surveying plane
table, and drawn directly onto the map by
triangulation, from both ends of the base line.

•

Pedometer or tape measure

•

Witches hats or stake markers

Land marks/features position fixing is
achieved without the use of compass
bearings or distance measuring.

Suggested Procedure
Part A.
1.

Work in groups of three.

2.

Select an area (not less than 100 m x 100 m) to
map, which is not too cluttered by obstacles.
Good locations are facing onto ovals or garden
mounds, away from buildings.

3.

Select your base line direction and mark the
control point (Station 1) and other end of the
base line (Station 2) with witches hats or some
suitable markers. The base line is the traverse
line for geophysical spot value surveying.

4.

Measure the distance between the two
stations carefully with tape or pedometer.
Record this, and use it to calculate scale later.

5.

Part B.
4. Measuring ground elevations with the alidade.

Place the tripod directly over the control point
- (Station 1), facing towards Station 2.

6.

Mark Station 1 on the map sheet.

5.

The “tangent” trigonometric function to
calculate ground height changes.

7.

Find north with your magnetic compass and
draw a north reference line on your sheet.

6.

Contouring spot heights to establish ground
topography.

8.

Place the alidade on Station 1 on the map
sheet. Sight Station 2 with the cross hairs on
the marker.

9.

Choose the length of line to draw from Station
1 to Station 2 on your map such that it takes
up no less than two-thirds the length of your
sheet.

Purpose
To become competent in the use of:
Part A.
1. The alidade.
2.

Measuring distances to land marks with the
aid of a plumb-line and pedometer.

3.

Drawing a scaled map using the plane table
method, by establishing a base line with
sightings taken on land marks from each end,
i.e. triangulation.

Department for Energy and Mining
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Map Making By Plane Table Surveying
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10. Accurately measure this line and calculate
your map scale using the actual ground
distance from Station 1 to Station 2.
11. With the plane table still in the starting
position, the point the alidade successively
towards each of several other land marks
indicated by witches hats at locality A, B, C, etc.
The markers should not be moved after the
sighting.
NOTE: The sighting lines should be drawn out to
the edge of your sheet.
•

Sight features on either side of the base line.

•

Sight a minimum of TEN features.

12. The plane table is then taken to the other end
of the base line and placed over the Station 2
marker facing Station 1. Align the alidade rule
along the map base line and adjust the tripod
till the cross hairs sight the Station 1 marker.
13. The process of sighting land marks A, B, C, etc,
is repeated with lines being drawn toward
each point from Station 2.
14. The point of intersection of the two lines of
sight towards a land mark (one line of sight
from Station 1 and the other from Station 2)
marks the true position of that land mark on
the reduced scale map.
15. This is called triangulation because each land
mark point (A, B, C, etc). and the two ends of
the base line form the apexes a triangles.

Figure 99. Set up for plan table surveying for producing a
map on paper of topographic features.
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16. The new points A, B, C, etc, could also be used
like ends of new base lines to determine the
positions of additional points, extending the
triangulation net of mapping.
NOTE: A surveyor’s transit or theodolite can be
used in place of a plane table and alidade.
Part B.
17. Ensure the table is level by adjusting the
foot screws whilst monitoring the spirit level
bubbles.
18. Using the elevation scale on the alidade, the
vertical angle from the base line to the land
mark(s) can be measured.
This can enable you to calculate the elevation
for that land mark above or below your
base line station using the trigonometric
relationship.
19. Repeat this for each land mark mapped, and
record the elevations on the map .
Elevation =

TAN (angle of elevation) x
DISTANCE of land mark from
your station.

GEOSPHERE
Careers In The Geoscience

Opportunities

Careers

The Department for Energy and Mining (DEM)
fosters an appreciation and interest in the
geosciences in school children through an
education program which commenced in 1993
as part of the South Australian government’s
exploration initiative. Since this time, the DEM
Education Officer has visited many schools.
This mobile education service, with its lively
presentations on topics such as mineral and
petroleum exploration, mining, environmental
management, earthquakes, seismology and fossils,
is well received by students and teachers alike.
With many schools no longer teaching the
geosciences, and with the unprecedented labour
shortages in the Australian resources sector, it has
become even more important to provide South
Australian school children and their teachers with
an understanding of this important area of science.
DEM has produced this information sheet to further
this understanding and encourage students to
think seriously about a career in the geosciences.
Professional careers in the geosciences are
described and contacts for the major educational
facilities and support agencies provided. Educators
are encouraged to use this information sheet to
promote the geosciences to students.

Did you know

?

Did you know that almost every component
of the car, bus or bicycle that takes you to
school has been manufactured from mineral
and petroluem products?
Have you ever wondered who discovers,
mines and processes these minerals into
products that are an integral part of our
everyday lives? It is people employed by
mining companies such as Geologists,
Geophysicists, Geochemists, Metallurgists,
and Mining Engineers. They are assisted by
skilled trades people, field technicians or
people that have been trained on the job.

CAREERS IN GEOSCIENCE

Training

If you enjoy problem solving, being outdoors,
travelling around Australia or overseas,
using and developing cutting-edge scientific
instruments, computer technology and
having money in your pocket, then a career
as a geoscientist is for you.

Department for Energy and Mining
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What can you expect?
Let’s start with the workplace. You will be working
with highend computers processing data,
generating maps, 3D plans, animations and images,
developing exploration programs and writing
reports — but a considerable amount of time will
be spent in the field acquiring the data. This may
mean travelling to a remote location within South
Australia, interstate, or places like the tropical
forests of South-East Asia, northern tundra of
Canada or the parched deserts of China.

After three years you will graduate with good
general knowledge in either geology or geophysics
and be ready for work in the minerals or petroleum
industry. If you wish to further your knowledge in
a specific area, you can undertake postgraduate
studies leading to a PhD. At this point you are
considered a geoscience expert and highly sought
after by the industry.

There is a good chance you will be using your feet
quite a bit of the time, walking over all types of
terrain, driving 4WD vehicles, flying in helicopters
or aeroplanes, or even using boats. Your equipment
will probably include a geological pick, hand lens,
compass, sample bags, digital camera, laptop,
palmtop, GPS and satellite phone.

Personal requirements are broadly the same for
both geoscience careers; an analytical mind and
the ability to prepare accurate records and reports
are very important. Geologists generally spend
more time than geophysicists working outdoors,
mapping the distribution of rocks and minerals
within the landscape, collecting them and then
analysing them in the laboratory. Geophysicists
use technology to collect, display and interpret
data, and have strong interests in applying physics,
computing and mathematics in practical ways.

You will attend conferences and courses to tell
the world about your exciting new discoveries, or
the latest data release, as well as learn more about
your chosen field from other experts. You may even
be expected to present results to the company
shareholders.

What does a Geologist/Geophysicist do?

How do you become a Geoscientist?
You will need to attend university to learn about
the evolution of the Earth, its rocks and minerals,
and how they relate to the environment. You will
study a range of topics that deal with how rocks
form, their properties and economic worth. You will
gain knowledge about minerals, how to search for
them and what they are used for.
You may wish to study the history of rocks through
the fossils they contain… or maybe you will
want to help save lives by being able to predict
earthquakes, volcanic eruptions or the intensity
of the next solar magnetic storm that disrupts
telecommunications — all in a day’s work for a
geoscientist!
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Geologists are the original ‘earth detectives’. They
are taught to read in ‘Lithos’, the most ancient of
‘languages’ on the planet and spoken by… rocks.
Rocks have been forming on earth for over four
billion years and show signs of having experienced
extreme heat and cold, being squeezed into
folds, injected by fluids or eroded by the weather
into sand, clay and salt for the oceans to devour.
By studying fossils in rocks, geologists can piece
together the rare parade of living things the earth
has hosted. Fossils also provide geologists with
important clues in the search for oil, gas and coal
deposits.

By studying rocks, geologists learn about their
origins and properties and this gives them the
knowledge and skills to:
•
find minerals and rocks useful to people’s daily
needs
•

locate sites suitable for buildings ,bridges, dams
and wind farms

•

find underground water supplies

•

advise on environmental protection and site
rehabilitation after mining.

In recent times geologists have been involved in the
search for a new source of green energy — hot rock
geothermal. South Australia, with it’s abundance of
hot rocks, is attracting geologists from all over the
world. Unlike volcanoes, the heat source is found
in large granite systems which occur at depths of
over 4900 metres. By drilling into these granites
and pumping water down the drillhole, the water is
vaporised returning to the surface as very hot steam
which drive turbines to generate electricity.
There are many different types of geologists and
their names reflect the area of specialisation, for
example:

Geophysics is used in the resources industry to see
through kilometres of solid rock, mud and water to
help mineral and petroleum explorers find mineral
and energy deposits hidden underground.
Geophysics is also a powerful environmental
monitoring tool, capable of detecting contaminated
waterways and soils, resulting from rising salt or
human activity.
Geophysicists often take their title from their area
of expertise. Exploration Geophysicists search
for mineral and petroleum deposits hidden
underground. Areas of specialisation include:

• Environmental

• Inter-Planetary

• Vulcanology

• Forensic

• Archaeology

• Solid Earth

• Seismology

• Geodesy Glaciology

• Geomagnetics

• Geophysics

Employment opportunities
• Engineering Geologist

• Environmental
Geologist

• Exploration Geologist

• Geomorphologist

• Petrologist

• Hydrogeologist

• Mathematical Geologist

• Mine Site Geologist

• Petroleum Geologist

• Stratigrapher

• Structural Geologist

• Marine Geologist

• Palaeoclimatologist

• Sedimentologist

If Geologists are the detectives, then Geophysicists
are the forensic scientists. The Geophysicist, with
the aid of sophisticated electronic equipment, uses
techniques like seismic reflection and refraction,
gravity, magnetic, electrical, electromagnetic, and
radioactivity methods to investigate how the earth
works. Why earthquakes and volcanoes occur where
they do, why the earth’s magnetism flips polarity
every so often, what lies unseen below the earth’s
surface, what drives the drifting continents across
the planet and what’s at the centre of the Earth are
all questions the Geophysicist tries to answer.

Geologists work for mining and petroleum
companies involved in exploration, extraction
and production of minerals and hydrocarbons,
for analytical laboratories, engineering and
environmental consultancy firms, government
geological surveys, CSIRO and universities.
Employment opportunities exist in the securities
industry and financial sector where Geologists are
employed as industry analysts and/or advise on the
economic viability of particular mining projects.
Some Geologists become curators with museums,
looking after mineral and fossil collections, or
conducting research. Geologists may progress to
become exploration managers or even company
directors, both within Australia and overseas.
There are also self-employment opportunities as
consultants.

Department for Energy and Mining
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The majority of Geophysicists are employed as
Exploration Geophysicists by petroleum and
mineral exploration companies. They are also
employed by data processing centres, computer
software development companies, environmental
monitoring and management groups, government
geological surveys, CSIRO and universities. There
are also opportunities for self-employment as
Geophysical Consultants.
What education do I need?
To become a Geoscientist you need to complete a
degree at university.
In South Australia, the following universities offer
geoscience and engineering degree courses:
The University of Adelaide
•
Bachelor of Science (Earth Sciences), majoring
in geophysics/geology, three years full time or
equivalent.
www.adelaide.edu.au/programs/ug/prog/
sciences/#sci
•

Mining Engineering and Petroleum
Engineering degrees.
www.adelaide.edu.au/programs/ug/prog/
eng/#mineng

The following websites are useful for further
information
Australasian Institute of
Mining and Metallurgy

www.ausimm.com.au

Australian Institute of
Geoscientists

www.aig.asn.au

Australian Society
of Exploration
Geophysicists

www.aseg.org.au

Geological Society of
Australia

www.gsa.org.au

Minerals Council of
Australia

www.minerals.org.au

Petroleum Exploration
Society of Australia

www.pesa.com.au

DEM, Mineral Resources
Group

www.energymining.sa.gov.
au/minerals

DEM Petroleum &
Geothermal Group

www.energymining.sa.gov.
au/petroleum

Society of Petroleum
Engineers

www.spe-sa.org

South Australian
Chamber of Mines &
Energy Inc.

www.sacome.org.au

www.adelaide.edu.au/programs/ug/prog/
eng/#petro
•

Australian School of Petroleum
www.asp.adelaide.edu.au

Flinders University
Bachelor of Science (Earth Sciences), majoring
in geological processes and environmental
geophysics, three years full time or equivalent.
www.flinders.edu.au/calendar/vol2/ug/BSc.
earth_major.htm
The University of South Australia (Whyalla &
Mawson Lakes campus)
•
Associate Degree in Mining Engineering, two
years full time.
•

Bachelor of Science, majoring in GIS and
environmental management.
www.goingtouni.gov.au/Main

To become a skilled tradesperson or field
technician in the resources industry you can study
at TAFE SA in Adelaide or a regional centre.
www.tafe.sa.edu.au
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Now is
a good time
to become a

Geoscientist

GEOSPHERE

Depth Estimations

Questions

•

The straight slope (‘SS’) is the horizontal
distance over which the magnetic profile is
linear.

1.

On your graph mark the maximum and
minimum and the point where the anomaly
has fallen to half its strength.

•

For long, narrow anomalies, depth = SS
For circular bodies, depth = 2SS

2.

Calculate the depth to the anomaly causing
rock body.
Answer:.........................................................................................

EXPERIMENT

Using Geophysical Anomaly Profile Graphs Appendix

‘SS’

For deep, circular anomalies, the depth to
centre (of a dipole) is equal to the width of the
anomaly at half the maximum height .

GEOSPHERE

•

½ max

½ max

‘d’

Distance
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Geophysical Survey Data Grid Template
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Name: .........................................................
Instrument used: ...............................		
Scale: ...........................................................		

Location: ........................................................
Field Type Sensed: .................................
Sample Point Distance:
0

100 200 300 (m)

Data Log No. ( )
Units: ..........................

GEOSPHERE

In this practical activity you will investigate
the concept of order in nature on a
macroscopic crystal resulting from order in
the atomic lattice.
This will be done through the use of models.
Instructions for their assembly are given
further on.

Questions
1.

Define the meaning of the following terms:
a. Plane of Symmetry:

e.

Axis/Axes of Rotation
Answer: 6II 1VI

f.

Centre
Answer: Yes

Tetrahedron
g. Plane(s) of Symmetry
Answer: 6
h.

Axis/Axes of Rotation
Answer: 4VI 3II

i.

Centre
Answer: No

Answer:..............................................................................
b.

Axis of Rotation
Centre

Tetragonal Bipyramid
j.
Plane(s) of Symmetry
Answer: 5

Answer:..............................................................................

k.

Using the models of crystals you have
constructed give the elements of symmetry for
each.

Axis/Axes of Rotation
Answer: 3IV 4III 10II

l.

Centre
Answer: Yes

Cube
a. Plane(s) of Symmetry
Answer: 9

Rhombohedron
m. Plane(s) of Symmetry
Answer: 3

b.

Axis/Axes of Rotation
Answer: 6II 4III 3IV

n.

Axis/Axes of Rotation
Answer: 1III

c.

Centre
Answer: Yes

o.

Centre
Answer: Yes

Answer:..............................................................................
c.
2.
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Hexagonal Prism
d. Plane(s) of Symmetry
Answer: 7
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South Australian Resources Information Gateway

SARIG: map.sarig.sa.gov.au
•

An online web application provided by
the Depatment for Energy and Mining
Government of South Australia

•

Provides access to over 130 years
of South Australian geoscientific
knowledge, from the early explorers
through to current day exploration and
mining companies.

•

Contains 600 Spatial Map Layers, plus
links to the Department for Energy
and Mining website, Publications and
Reports database, and SA Geodata
Database.

•

Combines innovative map screen
displays, with an ability to perform
complex searches and queries, to find
the latest geoscience information for
South Australia.

Figure 100.
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SARIG online insterface.

SARIG map layers and actions
Questions
In which Theme Category would you find
Mineral Tenement Map Layers?

AC TIVIT Y

1.

Answer:.........................................................................................
...........................................................................................................
2.

In which Map Layer menu item can you
change the transparency of a raster dataset?
Answer:.........................................................................................
...........................................................................................................

3.

What do the Woomera Prohibited area access
zone legend colours represent?
Answer:.........................................................................................
...........................................................................................................

4.

Who is the custodian of the Schedule of
Native Title Claims map layer and what does
the Date NTRI field represent?
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

5.

What is the open data licence of the
Exploration Licences (Mineral/Opal) map
layer? What is the public free to do with the
dataset under this licence?
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................
...........................................................................................................

6.

How many Exploration Licences (Mineral/
Opal) are located within the Woomera
Prohibited Area – infrequent zone?

Figure 101.

Historical Mines: Burra
Questions
1.

What is the approximate distance (Km)
between Adelaide to Olympic Dam?
Answer:.........................................................................................
...........................................................................................................
...........................................................................................................

What were the commodities extracted from
the Burra Mine?
Answer:.........................................................................................
...........................................................................................................

2.

Answer:.........................................................................................
...........................................................................................................
...........................................................................................................
7.

Morphetts Engine House.

What is the Mindep deposit number for the
Burra Mine?
Answer:.........................................................................................
...........................................................................................................

3.

What was the discovery year of the Burra
mine?
Answer:.........................................................................................
...........................................................................................................

4.

How many million tonnes of copper ore was
produced from 1845-1877 and 1969–1981?
Answer:.........................................................................................
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5.

What is the tenement number and Licencee of
the Exploration licence surrounding the Burra
mine?

6.

Answer:.........................................................................................
...........................................................................................................

AC TIVIT Y

Answer:.........................................................................................
...........................................................................................................

Figure 102.

What Land Use layer overlays the Burra mine
area?

SARIG Commodity Dashboard.

South Australian Commodity Dashboard
Questions
1.

For which commodity does South Australia
host the largest resource in Australia?

5.

a.

Answer:.........................................................................................
...........................................................................................................
2.

4.

How many Major Copper Mines are there in
South Australia?

b.

What is the Mining Lease number
granted for this project?
Answer:.............................................................................
................................................................................................

Answer:.........................................................................................
...........................................................................................................

Four Mile is a current operating mine for what
commodity, and what is the mineralized zone
dominant lithology of this deposit?

How much was spent on Graphite exploration
in South Australia in 2015-2016?

Answer:.........................................................................................
...........................................................................................................

Answer:.........................................................................................
...........................................................................................................
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Is the Central Eyre Iron Project a
magnetite or hematite iron ore deposit?
Answer:.............................................................................
................................................................................................

In 2016 – 2017 how many tonnes of copper
was produced in South Australia and what
was its dollar value?
Answer:.........................................................................................
...........................................................................................................

3.

What is the development status of the Central
Eyre Iron Project?

6.

GEOSPHERE
Glossary Of Geological Terms

Airborne surveys Aircraft equipped with sensing
equipment which systematically fly over large areas
in a regional survey to define rocks of anomalous
characteristics. On-board sensing devices include
magnetometers, gravity meters, scintillometers,
transient electromagnetic induction, and global
positioning systems. These are chosen according to
the characteristics of the ore type being sort.
Alloy Material created by mixing two or more
metals.
Alluvial gold Surface gold found in the sediments
of rivers or creeks.
Anomaly An area where the measurements of
gravity or magnetism differ from normal values.
Anticline trap A common petroleum trap, formed
from an up-folded layer of porous rock overlain by
another layer of nonporous rock which prevents
the petroleum from escaping.

Bedrock Unweathered rock forming a layer below
the soil (see weathering).
Biosphere The living part of the earth, including
animals and plants.
Brattice A screen which divides a drive along its
length so that air can be circulated to the end of
the drive and out again.
Built environment Elements within the
environment created by people e.g. roads, houses,
gardens.
Cap rock Impermeable rock layer covering
petroleum-filled rock, preventing gas and oil from
escaping. Often shale or claystone.

GLOSSARY

Aeromagnetic Sensing changes in the earth’s
magnetism from an aeroplane. Changes are caused
by variations in amount of magnetic material in
rocks.

Bauxite Ore from which aluminium is extracted.

Carat Unit used to measure the weight of a
gemstone; also used to measure the purity of gold
(often abbreviated to the initial K).
Chemical sample A sample to be tested for the
presence of certain elements.
Chemical symbol The symbol used in chemistry
to designate a particular element e.g. O is the
chemical symbol for oxygen.
Clinometer Instrument for measuring steepness
of sloping surfaces.

Aquifer Porous layer of sand, gravel or rock which
holds groundwater.

Coincident Situation where two or more features,
such as minerals, occur together.

Archaeological site Place containing remains
from a historic or prehistoric culture.

Coking coal Good quality coal which has a high
proportion of carbon; used in the making of steel.

Assay data Information from chemical analysis of
mineral samples, showing concentration of metals
in the sample.

Concentrating First stages of removing waste
material after mining to isolate ore minerals.

Atom The smallest known particle that retains the
characteristics of a particular element.

Conductivity The capacity to carry an electric
current due to loosely held electrons around metal
atoms.

Basin Low-lying landform which has collected
sediment from rivers flowing into it.

Conservation To ensure environmental well-being
for future generations.
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Acid rain Result of pollutants given off from the
burning of fossil fuels combining with moisture in
the air to create a acittic rainfall.
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Conservation park Park set aside for the
conservation of its wildlife and natural features of
interest and uniqueness.

Dryland salinity Salts in the soil are brought close
to the ground surface by a rising groundwater
watertable.

Contaminated Containing impurities at a
comparatively low level. Usefulness may not be
impaired (see also polluted).

Earth magnetism A force surrounding the earth
which forms from rocks which have iron or nickel in
them.

Cradle Rocking device using a sieve and flowing
water to separate gold from sediment.

Easting The distance one has moved east of
a specially chosen starting position, called the
reference point. Measured in metres.

Cross cut Side passage joining two mine drives.
Crushing Breaking mined rock into small pieces
to free the ore minerals from the host rock so that
they may be separated.
Crystal A mineral with a regular geometric shape,
flat faces and straight edges.
Crystalline rock Generally applied to igneous
rocks (formed as molten rock cools) and
metamorphic rocks.
Davis tube Piece of equipment used to separate
ferromagnetic minerals from an ore.
Density The weight of an item compared to an
equivalent volume of water.
Diamond Gemstone made of carbon. The hardest
substance known.
Diamond drill hole Deep hole drilled to explore
for minerals or petroleum. The cutting edge of the
drill bit is coated with small diamonds to grind
away rocks it is passing through.
Dreaming trail A path joining a number of
important places in the Dreamtime stories.

RESEAR CH

Drill hole logging Records the types of rocks in a
drill hole. Sensors lowered down the drill hole on
a cable can distinguish porous from non-porous
rocks, those with water from those with oil or gas,
or magnetic from nonmagnetic.
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Drilling rig A machine used to drill holes into the
ground and bring samples of rock to the surface.
People can then look at the samples and know
more about what is underground.
Drive Horizontal mine tunnel, open only at one
end.
Dry hole A drill hole which has not found oil or
gas.

Ecologically sustainable development Socially
and economically responsible development
practices that ensure a healthy environment for
both the current and future generations.
Ecology The study of the relationship between an
animal or plant and its surroundings.
Ecosystem The relationship that evolves over
time between living organisms and the non-living
elements found within a particular area.
Effluent Outflow of sewage and industrial waste
liquids.
Electro-refining Process of using an electric
current to separate a metal from the mineral
chemical partners it had in its natural state.
Element A pure substance in which all atoms are
of the same kind.
Emission Gas or particles given off during a
chemical reaction.
Environment All of our surroundings — air,
soil, rocks, water, plants, animals, people, houses,
sunlight etc.
Environmental Impact Statement (EIS) A study
of the plants, animals and habitat condition before
any mining occurs which can also be used as a
baseline comparison for post mining rehabilitation.
An analysis of the effects on the environment, and
the costs and benefits of a development project,
carried out before the project is undertaken.
Environmental Management Overview Strategy
(EMOS) System used to plan mining projects and
the rehabilitation of mining sites.
Environmental scientist A scientist who studies
the environment and how living things interact
within it.

Environmentally sensitive A part of the
environment which can be easily damaged by the
things we do.

Geologist A person who studies the composition
and structure of the earth to understand the things
which have happened to the rocks.

Evapotranspiration Moisture lost from the soil
through evaporation and through transpiration by
plants.

Geophone (Earth telephone) An instrument
for detecting reflected vibrations from the upper
surfaces of rock layers under the ground.

Exploration permit A document setting out the
rights and responsibilities of a person searching for
minerals.

Geophysical sensing Measuring physical
features of the earth below the surface, particularly
magnetism, gravity, electrical conductivity and
vibration waves — all of which are affected by
different rock types.

Flame test When heated in a flame, the metal
components of minerals give the flame a
characteristic colour which can aid in identifying
the metal.

Geophysical surveys Can be used over large
areas to identify smaller anomalous areas, and
can be used over large areas to define ore body
dimensions and depth for the more expensive
process of drilling to obtain samples for accurate
assay.

Flow test Measuring how much oil or gas is
coming out of a hole drilled into rocks containing
petroleum. This can help in guessing how much
petroleum is in a trap.

Geophysicist A person who studies parts of the
sub-surface Earth by using geophysical sensing
techniques which often do not require direct
contact with the part of the earth being studied.

Fossickers Amateur prospectors searching for
gemstones and precious metals with hand tools.

Geoscientist General term for any scientist
who studies some aspect of the Earth. Includes
geochemists, geophysicists and geologists.

Finite Existing in limited amounts.

Fossil fuels Fuels such as coal, oil and gas that
have been formed over many millions of years from
the remains of living organisms such as plants and
microscopic animals which live in water.

Geothermal Heat energy derived directly from
the Earth, usually from areas where there are hot
springs or geysers.

Gangue The part of an ore body which does not
contain desired minerals. Usually waste.

Global Positioning System (GPS) Precise location
system using satellites.

Geiger counter or Scintillometer A device used
to measure the level of radioactivity.

Gravity meter Instrument for measuring variations
in gravity due to the density of underlying rocks.

Gemstone Rare, beautiful or valuable minerals.

Gravity survey Taking gravity readings over a
region to locate the areas of denser rocks which
may contain minerals with high density metals.

Geochemical surveys Surface soils rocks
and sands are collected and located. They are
chemically tested for presence of economic
elements. This enables geologists to locate shallow
ore bodies which have had minerals leach to the
surface by groundwater solutions.

Greenhouse effect The warming of the earth
due to gases such as carbon dioxide trapping heat
within the atmosphere.

Geo Means ‘the earth’, or ‘to do with the earth’.

Groundwater Water that is stored within the pores
of the soil and underground rock formations.

Geochemists Chemists who study the
composition of Earth materials i.e. the types of
elements in minerals.

Groundwater recharge Replenishing of
groundwater in an aquifer by rainfall.

Geode Natural rock cavity lined with crystals.

Habitat The natural environment in which a plant
or animal lives.
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Fault Place where the rock has broken and moved
as a result of forces in the Earth’s crust.
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Hydra-axe A machine like a big lawn mower used
in making tracks for seismic surveys. It cuts plants
almost to ground level, so that regrowth is quick
and strong from root stock and nutrient-giving
mulch.
Hydro-electricity Produced when fast-flowing
rivers in mountainous areas are used to turn
turbines attached to generators.
Hydrosphere The water part of the earth,
including the oceans, lakes and rivers.
Hylogger (Hyper Spectral analysis logger)
Process of scanning rock samples for their mineral
content and chemical makeup. This is done by
noting the changes which occur in light reflected
off samples as a result of its interplay with the
elements in minerals.
Igneous rock Rock formed after the molten rock
(magma) produced by volcanic activity has cooled
down; one of the three types of rock found on
Earth (see also metamorphic rock and sedimentary
rock).
Impermeable Does not allow water to flow
through it e.g. clay layer in the soil.

RESEAR CH

Inexhaustible resource A resource whose
availability is endless e.g. wind energy, tidal energy
and sunlight.
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Jugger A person who puts the geophones into
position in a seismic survey.
Kaolin White clay used in the manufacture of
pottery and medicines.
Kinetic Relating to motion.
Land care Management and rehabilitation of the
soil, water, vegetation and other resources of the
land.
Landforms The natural shapes and features of the
land e.g. mountains, valleys, plains.
Leach To dissolve minerals or metals from rock, or
an ore body by the use of water or chemicals.
Liaison officer A person who works with
the people of Aboriginal communities and
the government when mineral or petroleum
exploration projects are being planned.
Linear fault patterns Fractures in the solid rocks
which go in lines.
Lithosphere The solid part of the Earth’s crust,
including soils, rocks, continental landmasses and
the ocean floor.
Lustre The natural sheen on the surface of a
mineral or gemstone.
Magma Rock material in a molten (liquid) state.

Infrastructure Support services and facilities
provided by businesses and government within a
community e.g. roads, telephone, public transport.

Magnetic sensing Using a magnetometer to
measure variations in Earth’s magnetic field, which
is affected by the presence of iron-bearing minerals.

Isotope Different forms in which the same
element can exist; isotopes of an element usually
have the same chemical properties but different
physical properties.

Needs Those items that must be provided if
people are to stay alive (food, water, clothing,
shelter, warmth).

Joint Ore Reserves Committee (JORC) The
Australasian Code for Reporting of Exploration
Results, Mineral Resources and Ore Reserves (JORC
Code, 2004 edition) was incorporated in the Listing
Rules of the Australian Stock Exchange (ASX) and
New Zealand Stock Exchange (NZX) on Friday,
17 December 2004, replacing the 1999 edition.
Compliance is mandatory on all companies listed
by the ASX and NZX. The JORC Code provides
minimum standards for public reporting to
ensure that investors and their advisers have all
the information they would reasonably require
for forming a reliable opinion on the results and
estimates being reported.

Non-renewable resource A resource that exists
in limited amounts and whose availability can be
depleted and eventually exhausted.
Northing The distance one has moved north
of a specially chosen starting position, called the
reference point. Measured in metres.
Nuclear energy The energy released when atoms
either join together or split (see nuclear fission and
nuclear fusion).
Nuclear fission The splitting of bigger atoms into
smaller atoms, which releases nuclear energy (see
also radioactive).

Nuclear fusion Smaller atoms joining together to
form a bigger atom and release nuclear energy.

Metallurgy The science of separating metals from
their chemical partners in ore minerals.

Nuclear medicine Diagnosis and treatment of
patients through the use of radioactive materials.

Metamorphic rock Rock that started out as either
igneous or sedimentary rock but underwent physical
and chemical change because of exposure to high
temperature and/or pressure; one of the three types
of rock found on Earth.

Ochre A coloured, crumbly rock which is crushed and
mixed with water or fats and used for traditional bark
painting, rock art and body painting.
Open-cut mining pit Method of mining by
exposing the ore body through the removal of the
overburden (as distinct from underground mining).
Ore body High concentrations of minerals that
can be mined and processed profitably.
Ore reserves Can be estimated from pattern
drilling of the ore body and assay of the recovered
samples.
Overburden The rocks and soil lying above
mineral and ore deposits.
Overcast An air passageway using tubes.
Oxide Compounds formed when a substance
combines with oxygen, like rust forming from steel.
Oxygen The most abundant element on the Earth;
makes up a large part of the air, water and most
rocks and minerals.
Panning Separating gold, usually from river sands
and gravels, by shaking and washing sediment in a
panning dish.

Middens Ancient camp sites used for thousands
of years, where fireplaces, tools and the remains of
food eaten by Aboriginal people are to be found.
These include cockle shells, kangaroo, emu bones
etc.
Miner’s helmet Hard helmet to protect a miner’s
head, and provide light to work by.
Mineral A natural substance with a definite
arrangement of atoms i.e. a solid, crystalline
structure and fixed chemical composition.
Minerals are often grouped according to chemical
similarities (oxides, sulphates etc.).
Mohs scale A scale (from 1 to 10) developed by
the German mineralogist Friedrich Mohs to rate the
hardness of minerals.
Molecule Two or more non-metallic atoms
bonded together.
Multi-spectral scanning Satellite surveying
technique which measures infra-red radiation from
objects and presents it as a photographic image.
Multiple land use Land that is used for several
different purposes at the same time.

Permeability The extent to which water can
pass through a substance. Gravel and sand are
permeable; clay is relatively impermeable.

Native elements Elements such as gold and silver
which in their natural state exist un-combined with
other substances.

Magnetism Magnets will attract or push each
other away, but will always attract iron. This force
(magnetism) can go through rocks and other solids.

Native title legislation Laws passed by the
Australian parliament recognising Aboriginal and
Torres Strait Islander claims for their traditional
lands.

Magnetometer A machine which can sense
magnetic force.
Malleability The capacity to be hammered and
shaped. A characteristic of metals.
Mapping The process of finding outcropping
rock, surface soils and sands and representing their
location and significance on a map. Their three
dimensional form extending underground can be
inferred from dip angles of the formations.

Natural environment An environment shaped by
the forces of nature and not changed by human
intervention.
Navigation satellites Satellites which beam
position-fixing signals to the Earth. A person with
a receiver can use these signals to locate their
position exactly.
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Nuclear power Generated through the release of
nuclear energy.
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Plankton Tiny living organisms in the sea. Under
the right conditions they can accumulate to
become the source rock for oil and gas.

Reservoir rock A rock with many empty spaces
which can hold oil or gas e.g. sandstone (see
porous).

Petrochemical Chemical made from oil, e.g.
plastics.

Residue Solid material left after a liquid is
removed.

Petroleum oil and gas Used to make lubricants
such as diesel, petrol, kerosene, LPG, BBQ gas,
greases, tar, plastics etc.

Resource Any item, object, available means
or personal means that has value because it is
useful in satisfying people’s needs and wants; any
commodity that can be converted into products or
used to generate wealth.

Petroleum trap A place underground which can
hold oil and gas in large amounts. Usually consists
of porous rock overlain by another layer of nonporous rock which prevents the petroleum from
escaping (see anticlinal trap).
Polluted Contamination to a degree which affects
the usefulness of the resource.
Porosity Measure of the ability of a substance to
contain water (see porous).
Porous A rock layer with many minute spaces,
or pores, between the solid grains of a rock, often
grains of sand and pieces of shell.
Prospective area Area thought likely to contain
useful mineral deposits.
Radioactive Different types of rays of energy given
out by some minerals like uranium, some of which
can damage living things including people.
Reconnaissance drilling Done to test geophysical
targets for signs of mineralisation and roughly
define any extensions of mineralisation of a known
ore body.
Regulator Device installed in a mine drive to
control the flow of air.
Rehabilitation Work done to restore an
environment after any disturbance.
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Remote sensing Use of satellite imagery, aerial
photographs and spectral imaging to collect data
about the environment.
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Renewable resource A resource such as a forest,
whose availability can be maintained, depleted
or increased depending on the nature of its
management.
Reservoir engineer Person who works out how
big a petroleum trap might be and how much oil
and gas it might hold.

Reverse circulation drilling A rock drilling system
where samples from the drilling face can be
brought to the surface by the circulation of water
or air through the drill hole.
Roasting Heating of sulphide minerals to burn off
the sulphur. An oxide of the metal remains which
can then be heated with carbon to extract the
metal.
Rock bolts Large bolts, 1 or 2 metres long, driven
into the roof of a mine to help hold the rocks in
place during mining.
Rocks Generally a mixture of minerals. Rocks are
classified as igneous, metamorphic or sedimentary,
depending on how they were formed.
Runoff Water which flows across the surface of the
land.
Satellite image Pictures taken by cameras on
orbiting satellites 700 km above the Earth.
Scintillometer A machine which uses a crystal to
sense radiation energy from minerals containing
uranium, potassium and thorium or any other type
of radioactive source.
Scout A person chosen by the Aboriginal elders
to show where seismic line roads can or cannot
be placed because of sacred sites, dreaming trails,
middens etc.
Sediment Bits of rock weathered from the land,
carried by wind, water or ice and deposited in a
lake or the sea.
Sedimentary basin Place where sediments are
deposited because the wind, water or ice which
carried them has stopped moving fast enough to
carry them further.

Sedimentary rock Rock that has formed when
particles of material such as sand, silt, clay or lime
(including shell fragments) have been deposited in
layers over many thousands of years and cemented
together; one of the three types of rock found on
Earth (see also igneous rock and metamorphic
rock).
Seismic Vibrating the Earth.
Spudding in The very beginning of drilling
operations of a new well.
Tailings Material left over after a mineral has been
extracted; usually a liquid suspension containing
fine particles.
Tailings dam Clay-lined pond where water from
mine operations is collected so that fine waste
material can settle out, rather than being flushed
into rivers and the wider environment.
Tar pit Place where soft tar or asphalt oozes to the
surface from an underground petroleum source.
Transient Electro Magnetic A device which
locates electrically conductive materials. Similar to a
metal detector sensor (TEM).
Underground mining Chosen when ore bodies
are steeply dipping into the ground and is done
by vertical shafts and horizontal tunnels at the
mineralisation levels. More modern methods use
spiral roads which descend to the mineralisation
followed by drilling and use of explosives to break
up the ore in a stope. This can leave a cavity as big
as a twenty story building after the ore is removed.

Watertable The level below which the soil or rock
is saturated by groundwater.
Weathering The process by which the rocks and
soil on the Earth’s surface are broken down by the
action of sun, air and water.
Well Hole dug or drilled down to below the
watertable to extract water.
Well screen Filter to prevent particles getting into
well water and damaging the pump.
Wilderness Region of natural environment.
Workable Able to function; also a term used to
describe a metal that can be shaped and moulded.
World Heritage sites Places of special significance
— evolutionary, historic, rarity, scientific research,
beauty, cultural or social.
XRF Analysis X-ray fluorescence (XRF) The
emission of characteristic ‘secondary’ (or
fluorescent) X-rays from a material that has been
excited by bombardment with high-energy X-rays
or gamma rays. The phenomenon is widely used
for elemental analysis and chemical analysis
particularly in the investigation of metals, glass,
ceramics and building materials, and for research in
geochemistry, forensic science and archaeology.
Yellowcake The mixture of uranium oxides and
impurities obtained by milling uranium ore.

Uranium The heaviest naturally-occurring element
with isotopes which break down to other elements
emitting radioactivity; used as fuel in nuclear
reactors.
Vents Channels in the Earth’s crust through which
gas and molten rock can flow.
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Vibroseis truck A truck fitted with a pad which is
used to vibrate the ground in a seismic survey.
Volatile Not stable; turns easily into a gas.
Wants Non-essential items that are demanded by
people in order to make their lives easier or happier
e.g. a new car, more holidays etc.
Water cycle The circulation of water throughout
the hydrosphere.
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