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•
• Introduction•
•

Crystals are truly fascinating. Crystals are found almost anywhere — in the classroom,
kitchen, bathroom, and in nature, in the rocks beneath your feet. Some people are

•
impressed by their shapes, colours and natural beauty. Others are intrigued with their
chemical structure and study the science of Crystallography. Other people believe that

•
crystals have "powers" and can influence moods.

•
This booklet will help you and your students understand the science of crystals — explore
the facts, and dispel the myths. It is complemented by the Exploring Crystals Kit, which

•
contains crystals and rock samples that can be used in the student activities.

The Exploring Crystals Kit contains:
• a quartz crystal

•
a magnetite crystal
a calcite rhomb

•
a granite sample
sugar crystals

•
salt crystals
a magnifying glass

•
notes and activity ideas

• Curriculum Links•
This Exploring Crystals Kit has been developed to provide an earth science component to

• the teaching of upper primary and lower secondary level studies. Listed below are the
curriculum links for the National Curriculum, NSW, and Victorian Curricula.

• National Curriculum
• Science
• Earth And Beyond
•

- Earth Sky and People

• Natural and Processed Materials
- Materials and their uses

• - Structure and Properties

• Working Scientifically
- Conducting Investigations

• - Processing Data
- Using Science

•
•
•
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Page 2^ Exploring Crystals

Studies of Society and Environment

Resources
- Uses of resources

Natural and Social Systems
- Natural Systems

Investigation, Communication and Participation
- Investigations

NSW Science and Technology Syllabus (K - 6)
Products and Services
- Material World

Earth and its Surroundings
- Cycles in our World

Physical Phenomena
- Back to Nature

Victorian Curriculum and Standards Framework
Studies of Society and Environment
- Resources
- Natural and Social Systems

Science
- Natural and Processed Materials

* Materials: Structure, Properties and Uses
* Reaction and Change

- Earth and Beyond
* The Changing Earth

© Australian Georogica(Survey Organisation 1996



0^Where you see this symbol, look in the back of the book for a
reproducible activity.

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

The reproducible activities in the back of this book are titled:

Crystals Around You

Colour the Crystals

Crystal Creations

Crystal Images

Harder Than....

Crystal Crowns

Cleaving Crystals

Crystal Models

Snowflakes

Activity

•
• Exploring Crystals^ Page 3

•

•
• ACTIVITY IDEA Where you see this symbol, read on to find out about an idea for a
• student activity.

••

Student Activiti• es
This booklet contains activity ideas and reproducible activities for students.

•
• 0 Australian geoThgical Survey Organisation 1996
•

•

•
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Exploring Crystals
Crystals vs Non-crystals
Crystals are solid substances which have a regular geometric shape. If you look closely at
common salt under a magnifying glass you will see the grains are cubes. The atoms, the
small building blocks of all matter that make up crystals, are arranged into regular patterns.
Usually though, during the formation of a crystal, the patterns may be distorted, making an
imperfect crystal. In some cases it is difficult to identify a crystal because the edges may be
broken or flawed, and sometimes the shape is irregular. However, usually you can
recognise a crystal because it has straight edges and flat surfaces. Solids which form
crystals are called crystalline. Solids which are not crystalline are called amorphous.
(morph = Greek for shape) These substances do not have regular shapes, and often have a
more complicated chemical makeup, e.g., flour.

See "Crystals Around You" Activity.

Activity

 

Crystal Shapes
The atoms in a crystal are arranged in definite patterns. There are six ways the atoms can
be arranged, forming the six different crystal systems. The definitions here provide a
simplified explanation of the six different systems by describing the shapes of the faces.
Note: Scientists actually define these crystal systems not by looking at the shapes, but by
measuring the angles between each crystal face. For more detail about the crystal systems,
see the references listed in the back of this book.

Cubic (or isometric)
e.g., salt, diamond, magnetite, pyrite, copper, fluorite, garnet

•
•
•
•
•
•
•
•
•
•
•

•
•
•
•
•
•

fluoritesalt^garnet^magnetite

The crystals belonging to the cubic crystal system may not always form actual cubes, but
they will usually have at least three pairs of sides with equal length, width and height.
Sometimes they form the eight faced octahedron, or the twelve faced dodecahedron.

•
•
•
•
•© Australian Get:1(001th( Survey Organisation 1996
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rutile
These crystals have three faces at right angles to each other, but only two faces are the same
size. These crystals have a roughly rectangular shape.

See "Crystal Models" Activity

Activity

•
• Exploring Crystals^ Page 5

•
• Tetragonal

e.g., rutile, zircon
•

Monoclinic
e.g., azurite, talc, gypsum, orthoclase feldspar

•
•
•
•
•
•
•
•
I
•
S
•
•
•
•
• orthoclase feldspar

•
•
•

zircon

a
gypsum

•
These crystals have no faces of the same size. Two faces are at right angles to each other

• and the third face is not at right angles to any other face.

•
•
•
I

© Australian GeoThgica(Survey Organisation 1996•
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Triclinic
e.g., kyanite, rhodonite

rhodonite

None of the faces are the same size, and none are at right angles to each other.

Orthorhombic
e.g., topaz, olivine, staurolite

staurolite^ topaz

All the faces are different sizes, but are at right angles to each other.

Hexagonal/Trigonal
e.g., quartz, calcite, sapphire, tourmaline

quartz tourmaline beryl

These crystals are six sided, similar to cubes, but sometimes have pointed ends. The
hexagonal and trigonal crystals are grouped together because of their similarities.

© Australian Geobvkat Survey Organisation 1996
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See "Crystal Images" Activity.

Activity

 

Note: When you are observing crystals, the shapes will typically be hard to identify and
classify into these groups. Sometimes, this may be because the crystals are broken, or
imperfectly formed.

•••

Habit
• Habit refers to the way a mineral looks when it is found in its natural state. It is the

characteristic shape in which a mineral commonly grows. For example, although
• individual magnetite crystals are cubic, the magnetite mineral itself grows into a lumpy

globular shape.

Twinning
Two crystals of the same mineral growing together and sharing a common face are said to
be twinning.

ACTIVITY IDEA Have a close look at some coffee sugar crystals. You may be able to
see some crystals which have grown together into a cross shape. This
is an example of twinning.

Cleavage
When some crystals break, they split along straight faces, called cleavage planes. Cleavage
occurs because of the arrangement of the atoms in the crystal. The crystal breaks along
planes of weakness between the atoms. Calcite displays a good example of this
phenomenon. The calcite included in the Exploring Crystals Kit has been broken along the
cleavage planes, therefore the flat faces are not crystal faces but cleavage faces.

See "Cleaving Crystals" Activity
Activity

Quartz, on the other hand, does not cleave along any planes of weakness. When it breaks
we say that it fractures , leaving glassy shell-like (conchoidal) edges. Stone-age people
knew that quartz behaves in this way and learnt to use the fracture to make quartz tools
such as knives and arrow heads. Rocks containing lots of quartz, such as chert, were also
used for stone stools.

©Australian Geothgicar Survey Organisation 1996



Moh's Scale of Hardness

Mineral Hardness

talc 1

gyps urn 2

calcite 3

fluorite
4

apatite
5

orthoclase
6

quartz 7

topaz 8

corundum
(sapphire) 9

diamond 10

Common Household Substance

plastic (1)

salt (2.3)

fingernail (2.5)

copper coin (5)

window glass (5.5)

pen knife (6.5)

Page 8 
^

Exploring Crystals

Hardness
We can help identify minerals and gemstones by comparing their hardness. If a substance
is able to scratch another substance, it is obviously harder. A standard hardness scale,
called Mohs' Scale of Hardness, is named after the scientist Friedrich Mohs. This is
simply a scale from 1 to 10, where 1 is the softest and 10 is hardest. (e.g., quartz with a
hardness of 7 will scratch orthoclase which has a hardness of 6, diamond (hardness 10)
will scratch everything). We can compare the hardness of common substances with the
minerals in Mohs' Scale of Hardness:

This booklet does not look closely at mineral identification methods. There are many texts
available which deal with this topic in great detail. They are included in the reference
section.

Compare the hardness of common household substances.
— See "Harder than...." Activity in the back of this book.

Activity

 

Austraaan Geological' Survg Organisation 1996
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•
• Crystals Around You
•

You don't have to look very far to find examples of crystals. Common table or cooking
salt is made of crystals. Other examples include sugar, bath salts, Epsom salts,
snowflakes, and even ice. In fact the word "crystal" comes from the Greek word for ice,
krystallos.

See "Snowflakes" Activity

Activity

How do crystals form?
Crystallisation is the process by which crystals are formed. It occurs in many ways:

• evaporation of a liquid containing a dissolved solid which leaves behind the solid
crystals

• a molten substance cooling to form a crystalline solid

• crystals precipitating from a saturated solution (the solution becomes "saturated" with
solid material - when it cannot dissolve any more particles of the solid).

You can make crystals using each of these methods, by using some common substances
from around the house. Crystals form better when they have both time and space to grow.
If crystals form quickly, they will most likely be small and imperfect.

See "Crystal Creations" Activity and "Crystal Crowns" ActivityActivity

Crystals in Rocks
Rocks are made up of a mixture of different minerals. Minerals are naturally occurring
substances which have a definite chemical composition, and a definite crystal structure.
Quartz is one of the most common minerals in the Earth's crust. Other examples of
common minerals are mica, feldspar, and calcite. Limestone is a rock made mostly of the
mineral calcite. The grains of calcite are normally very small and can't be seen with the
naked eye. If the limestone is heated or put under pressure, the calcite grains can melt
together and form larger calcite crystals. When this has occured, geologists rename the
rock "marble". The process of one rock changing to another rock because of heat and/or
pressure (changing the crystal size or mineral type) is called metamorphism. Marble is a
metamorphic rock.

0 Australian Geofogicaf Survey Organisation 1996
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Most rocks are made up of crystals. Granite is a good example. It forms when molten
rock, many kilometres below the surface of the Earth, cools slowly. As it cools, crystals
of quartz, feldspar and mica grow. You can see these crystals very clearly with the naked
eye although they may not display the regular geometry you associate with crystals. In this
case, geologists tend to call them grains.

Granite is called an igneous rock because it forms from molten rock. ("ig" is Latin for fire)
There are other igneous rocks which do not have such large crystals. Basalt is an igneous
rock which forms from lava which cools on the surface of the Earth. The crystals in basalt
are difficult to see without a microscope, because the rock cooled quickly. The crystals did
not have time to grow large. Another igneous rock, obsidian, cools so quickly that no
crystals form at all. This rock resembles black glass, and is often called "volcanic glass".

ACTIVITY IDEA Look at the sample of granite in the Exploring Crystals Kit. Discuss
the fact that the different coloured minerals in the rock are actually
crystals, and that they have taken thousands of years to form.
Compare the granite with other rocks. (Ask the students to bring in
some samples from home.) Talk about why the rocks do or do not
contain crystals like those in granite. Make up a story about how
each of the rocks may have formed.

Hint: You may like to try your local stonemason/monument mason for some offcuts of
marble and other stones which contain large crystals.

Crystallography and the work of AGSO
Crystallography is the study of crystals, how they grow, their shape, and atomic structure.^•
Scientists are even able to identify microscopic crystals using the principles of
crystallography. (The laws of crystallography will not be explained here. For more
information about crystal symmetry and identification see the books listed in the reference
section.)^ •

One of AGSO's roles is to produce geological maps. In order to produce maps, AGSO^1110
scientists must identify the rock types which are located in the area they are mapping. This
is where crystallography is very useful. As already mentioned, most rocks contain^•
crystals. Crystallography can be used to help classify rocks by identifying the crystals that
they contain. The scientists can work out the chemical structure of the crystals, and
therefore the environment in which they formed. If the crystals are large, they have
obviously had a long time and a lot of space in which to grow. If the crystals are smaller or^•
imperfect, they formed quickly or perhaps in a limited space.

•
Crystals can also help when determining the age of rocks. Microscopic crystals, or grains
of zircon, which are commonly found in igneous rocks, can be dated using an instrument^•
known as a Sensitive High Resolution Ion Micro Probe (SHRIMP). The SHRIMP uses
the natural radioactivity of the zircon to date the grains. It is especially useful when dating^4110
microscopic samples. In the case of igneous rocks (eg granite), the grains formed at the
same time as the rock. This makes it possible to determine the age of the rock from the age
of the grains. There are other radiometric dating methods available for larger samples of
rock. (For more information about radioactive dating, refer to "Time and Life", another
Geoscience Education resource booklet.)

©Austrahan Geological'Survey Organisation 1996
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The pictures on this page show thin sections taken from rocks. A thin section is a section
cut from a rock, which has been glued onto a glass slide, then ground down until it is so
thin that light can pass through it! (It is only 3/100 of a millimetre — or 30 microns.) The
different shapes and colours are actually crystals. Geologists can identify rocks and
minerals using these thin sections. The illustrated thin section of rhyolite has both
microscopic crystals and comparatively large crystals. The large crystals crystallised over a
longer time than the rest of the feldspar and quartz in the rock.

ACTIVITY IDEA
Make a collage of a thin section. Use different shapes and colours of
paper and cloth to represent different crystals.

Thin section of a volcanic rock (rhyolite)

sub-microscopic „
crystals of feldspar
and quartz

magnification x 5

Thin section of an igneous rock (granite)

crystals of
quartz,
feldspar and
mica

magnification x 5

© Australian Geofogicaf Survey Organisation 1996
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Some Interesting Minerals
Many minerals form crystal shapes naturally in the Earth's crust. They have not been cut!
The following are examples of some interesting minerals which can be found in Australia.
The Exploring Crystals Kit contains some of these minerals.

Pyrite
Pyrite is commonly called "fool's gold". It is made from iron and sulfur, and has the
chemical formula FeS 2 . It has a shiny yellow appearance, resembling gold. Pyrite crystals
are usually cubic shaped, but they can also be 12 sided (dodecahedrons) or 8 sided
(octahedrons). While the mineral is yellow/gold in colour, it is much harder than gold and
when crushed to a powder it is black. The word pyrite comes from the Greek for "fire",
because when the mineral is struck with a hammer, sparks fly.

Calcite
Calcite is a common mineral, made of calcium carbonate (CaCO 3). Calcite has a trigonal
crystal shape. The calcite included in the Exploring Crystals Kit does not show this
trigonal shape because the calcite has broken along its cleavage planes. The broken calcite
forms perfect parallel rhombohedrons. Calcite also has the ability to split light passing
through it, (double refraction) producing a double image. The word calcite comes from
the latin word calx, meaning burnt lime.

ACTIVITY IDEA 
Put a clear calcite sample onto a newspaper and try to read the print on
the newspaper. What do you see? Now rotate the calcite. What
happens then?

Gypsum
Gypsum is a soft white or colourless mineral, made of calcium sulphate (CaSO4).
Blackboard chalk is made from gypsum. It forms monoclinic crystals. Gypsum
commonly forms when sulphuric acid reacts with limestone. (The calcium is derived from
the limestone, and the sulphate from the sulphuric acid.) The Montmartre gypsum quarries
near Paris are famous for providing the mineral to be used as plaster. This is where the
name "Plaster of Paris" comes from.

Quartz
Quartz is one of the most common minerals in the Earth's crust. It is made of silicon
dioxide (Si0 2), also known as silica. Pure quartz is also known as rock crystal and it
forms a hexagonal shaped crystal. Quartz has no cleavage, so when it breaks it does not
form straight edges. Quartz can be many different colours including yellow, black, purple,
pink or clear. The colours are due to impurities in the crystal. For example, amethyst is a
purple quartz, the colour apparently resulting from small amounts of iron. Rose quartz is
coloured by small amounts of titanium. Quartz is very similar in composition and has
approximately the same hardness as glass. The quartz crystals form when molten rock
containing silica-rich waters cools down. As the silica-rich waters cool over many
thousands of years the silica crystallises out of the water. The name quartz originates form
the Anglo-Saxon meaning "cross-vein one". In the past quartz was simply called crystal.

©Australian geothgkarSurvey Organisation 1996
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• Many sands are made up of quartz grains. This is because the quartz is resistant to
chemical weathering, so that while other rock fragments disintegrate and turn into clay, the

• quartz remains, eventually forming sand.

• Magnetite
Magnetite is a mineral which is rich in iron. It has the chemical formula Fe 304 . The

• presence of the iron makes the mineral heavy and magnetic. It usually forms 8 sided
(octahedral) crystals — like a double pyramid. Magnetite commonly forms massive

• granular shapes, and appears as if it is not crystalline at all. Magnetite is named after
Magnesia, a place near Macedonia. Another fable says that the word is derived from

• Magnes, a shepherd, who first discovered magnetite when he noticed that the nails of his
shoes adhered to the ground because of the magnetic attraction to the nails in the soles.

•

•
Interesting Crystal Features

• Metallic Crystals
• Metals have a crystalline structure which is difficult to see with the naked eye. A good

example of this structure is shown on galvanised iron. If you look carefully at the surface
• of galvanised iron, you may be able to see the crystals of zinc with which the iron has been

coated.

Crystal Glass
• The term "crystal glass" is a contradiction in terms. Glass is not crystalline. Glass is

cooled too quickly to allow crystallisation. The atoms in it do not get a chance to form any
• sort of regular pattern and they remain in a state of disorder.

• Another word for "glassy" is vitreous. Over a very long time, the atoms in glass may start
to gather into some form of order. When this happens, glass is said to be "devitrified",

• meaning it has lost its glassy qualities, and has started to crystallise. There are no known
naturally occurring glasses over 300 million years old because after such a long time the

• atoms have finally rearranged into some crystalline order.

• Common glass is made by melting sand (silicon dioxide — basically quartz) together with
limestone (calcium carbonate) and soda (sodium bicarbonate). The molten liquid is then

• cooled very quickly so that the atoms are not able to form into regular arrangements.

There are many different types of glass. Some glass can be strengthened with metals such
as lead, and then cut into "crystal" shapes. But the glass itself is not crystalline. These
metallic glasses have some attractive qualities. They are very strong, flexible, highly
reflective and resist corrosion.

Glass ceramics are partly crystalline. These are made by combining alumina and silica with
silicon nitride.

Interesting Facts
Glass beads dating as far back as 2500 BC have been found in Egypt.
The first containers made totally from glass were manufactured during the 18th Dynasty of
Ancient Egypt (approx 1400 BC).

•

•
••

©Australian geoCogicarSurvey Organisation 1996
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Frost^ •
Frost is an example of crystals forming from the cooling of molten material. Water is
molten ice. 'When it is cooled below zero degrees Celsius it turns into a solid. Water placed^•
in the freezer cools too quickly to form crystals visible to the naked eye. However,
moisture on the surface of grass (or the precious vegetable garden) cools slowly enough^•
overnight to form ice crystals. Likewise, the ice that forms on your car on cold winter
mornings forms crystals.^ •

Crystals and the Landscape
^ •

In cold climates, water underneath the soil and in rocks freezes. As it freezes it forms
"needle ice"— crystals which grow upwards from the ground. These can be up to 20cm
long. As this needle ice grows, it lifts a layer of soil. When the temperature warms and the
crystals of ice melt, the soil falls back to the ground slightly downhill from the original
position. Over time, this process can move many tonnes of soil down a slope. Likewise,
water freezing in rocks can crack the rock and assist in the slow decomposition of the rock
into soil.

Electric Crystals
Some crystals are able to turn vibrations into an electric current, and vice-versa. This
phenomenon is called piezoelectricity. Quartz crystals have this property. When attached
to an electric current they vibrate at a certain frequency. Because of this, we can use quartz
crystals to keep accurate time in watches.^ •

Quartz crystals are also used in ultrasound generators for common procedures such as^•
checking the progress of pre-natal babies.
Record players (remember these?) also use piezoelectric crystals. The needle picks up
vibrations created by the grooves in the record, which are then translated into an electric
field through a piezoelectric crystal. This signal is then amplified and transmitted to the^•
speakers.

•
•Try putting a magnet near a magnetite crystal. Is there a magnetic

attraction? Now try putting a compass near it. Does the compass^•needle move?

Geologists can use this property of magnetite to help locate and map rock units hidden
under soil, using an instrument called a magnetometer.

Crystal Colours
The colour of crystals can be deceiving. Crystals with the same chemical structure can
have different colours. Sometimes the colour is caused by impurities in the crystal. For
instance the mineral corundum (aluminium oxide) is colourless when pure. When it
contains chromium and iron, it is red. When it contains iron and titanium it is blue. Red
corundum is called ruby and blue corundum is called sapphire.

Magnetic Crystals
The minerals magnetite and pyrrhotite are compounds of iron and are strongly magnetic.
Magnetite was once used as a compass, and given the name "lodestone".

ACTIVITY IDEA

©Australian GeobvicalSurvey Organisation 1996
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•
Due to the fact that many minerals contain impurities which change their appearance, colour
is not a good indication of the identity of a mineral. Scientists use the streak of a mineral

•
as an identification method. The streak is the colour of the powered mineral and is often
found by scratching the mineral on an unglazed white tile. Even with the presence of

• impurities, the colour of the streak remains constant.

Pyrite (fool's gold) is a mineral which has a streak colour (black) very different from the
colour of the mineral (gold). This is very handy when trying to determine if a sample is
real or fool's gold. Pyrite will leave a black powder if it is scratched on a white tile,
whereas real gold will leave a yellow/gold smear.

•
^Activity^— See "Crystal Colours" Activity in the back of this book.

•^pleochroism. (from the Greek meaning 'many coloured'). Light is made up of all the
Some crystals change colour in different types of light. This property is called

colours of the rainbow. When some of these colours are absorbed by a substance, we see
colour, e.g., grass absorbs red and blue, so it appears green. Some crystals absorb
different colours at different angles, appearing to change colour when rotated. This is
pleochroism. An example is the mineral cordierite. When light enters the crystal at a
certain angle, the red and green is absorbed, so that the mineral appears to be blue. If this
mineral is turned around so that the light enters at a different angle, all the colours of light
are absorbed, so that the mineral appears colourless.

A rare mineral called alexandrite changes colour from greenish-yellow in natural light to
red in artificial light. (Note: This is not actually pleochroism. This is mainly because
artificial light actually contains more red light.) A good quality alexandrite gemstone
fetches a higher price than diamond, because it is so rare and beautiful.

Question
Which mineral is named after Alexander 11, (once the Tsar of Russia?)
Answer: alexandrite

Why do you think the mineral haematite is called "bloodstone"?
Answer: it is a deep red colour.

Luminescent Crystals
Some crystals have the ability to give off light. This is called luminescence. There are two
types of luminescence: fluorescence and phosphorescence. Fluorescent crystals absorb
light of one colour and give off light of a different colour. Fluorite is an example of a
fluorescent mineral. When fluorite is placed under ultra-violet (UV) light it glows either
violet, green or white. Likewise, some calcite crystals will glow red.

Phosphorescent minerals, however, will continue to emit light for a short time after the UV
light is removed. Gypsum is both fluorescent and phosphorescent, it will emit white or
yellow light.

•••••

©Austrahan GeoCogicarSurvey Organisation 1996
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Irradiated Crystals
The sample of quartz in the Exploring Crystals Kit has been affected by a process called
irradiation. Natural radiation from the sun over millions of years can change quartz from a
colourless quartz crystal to a brown "smoky" quartz crystal. The quartz in the Exploring
Crystals Kit has been artificially irradiated using heat radiation. Irradiation is frequently
used to enhance the appearance of gemstones. Beware when you are purchasing the
precious gemstone aquamarine. It may be a topaz crystal which has been treated to change
the colour!

Crystals which change colour in this way are known as photosensitive. Sometimes this
process occurs naturally. Natural radiation from sunlight can change zircon from red to
colourless. Some violet fluorites become colourless when exposed to natural light.

Geodes
Geodes are rocks which have a hollow space inside them where crystals have grown. Hot
silica-rich waters have filled the spaces in the rocks, and over thousands of years these
waters have evaporated to leave crystals behind. This is how "thunder eggs", agate and
amethyst are commonly formed. Geodes are also called eagle eggs because some ancients
believed that eagles placed the stones in their nests to protect their eggs.

Liquid Crystals
Calculators and some pocket games contain crystals which display the numbers on the^•
screen. The display is made up of "liquid crystals". These "liquid crystals" have a very
elongated shape (approx eight times as long as they are wide). When these crystals begin
to melt they turn into a blue cloudy liquid. Then they melt completely to form a transparent
liquid. This cloudiness is readily reversed so that the crystals can become visible and
invisible quite easily by running electricity through them. Their elongated shape allows
them to be aligned to form the characters in Liquid Crystal Displays.^ •

The scientific name for these "liquid crystals" is mesogens. Mesogens are not only found^•
in electronic devices. The iridescent colours on certain beetles' wings are due to the
presence of mesogens. According to The Cambridge Guide to the Material World, every^•
living cell has a membrane containing these mesogens. The liquid material in our brains is
made of 30% mesogens! Some health disorders such as arteriosclerosis and sickle cell
anaemia are related to problems with the liquid crystal mechanism in our blood.

•

•
•
•
•
•
•

•
••

•
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Gems
Gems are minerals which are prized for their rarity and beauty. Most gems which are used
for jewellery have been cut or faceted. When diamonds are found in nature, they have
quite a dull glassy appearance and a double pyramid (octahedral) shape. When the diamond
is faceted, more light is reflected and refracted from the crystal making the gem sparkle.
The most common way diamonds are faceted is called the "brilliant" cut. This cut allows
light to reflect off 58 different surfaces. The pictures below show some common gem cuts.

Interesting Fact
The word "cabochon" is derived from the French word for "bald head".

Gemstone Weight
The term "carat" refers to the weight of a gemstone. One carat = 200 milligrams (1/5 of a
gram). The pictures below show the approximate size of diamonds of different weights, in
carats.

1113 C11212 • DOD
carat 0.1 0.2 0.25 0.3 0.4 0.5 0.7 0.9 1.0 1.25 1.5 1.75

diameter (mm) 3.0 3.8 4.1 4.5 4.8 5.2 5.8 6.3 6.5 6.9 7.4 7.8
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Diamonds
Australia is the world's largest supplier of natural diamonds, producing 30 million carats
per year. But only 5% of these diamonds are of "gem" quality. The rest are used for
industrial purposes, such as masonry drill bits and saws, and powders for polishing gems.

Diamonds are made of pure carbon. The carbon atoms are completely linked to each other
to form a crystal. It is possible to produce synthetic diamonds by subjecting carbon to
temperatures greater than 7000 Celsius and pressures of over 30 000 times atmospheric
pressure. These conditions occur naturally around 200km below the Earth's surface.
Diamond crystals are fluorescent and this means that diamonds are easily detected in rocks
using X-rays.

The largest diamond ever found was 3106 carats (621 gram). It was called the Cullinan,
and was found in South Africa, and presented to Edward VII in 1907. It was cut into nine
large and 100 smaller stones, forming part of the British Crown Jewels.

The 4 C's
A large diamond may not necessarily be more valuable than a smaller diamond. Diamonds^•
are valued according to four different criteria: the Cut, Clarity, Carat and Colour.

Cu t
Cut is valued because it represents the skilled workmanship which has produced a
sparkling jewel.

Clarity
Sometimes diamonds and other crystals contain "inclusions". These are impurities which
distort the appearance of the gemstone. Sometimes gemstones are valued even more
because of these inclusions. The value of gemstones varies with fashion, and the
availability or rarity of the stone. The clarity refers to the presence (or lack of) impurities
and imperfections in the diamond. Clarity ranges from "Internally Flawless" to
"Imperfect".

Colour
Diamonds range in colour. Colourless diamonds are usually the most highly valued,
however diamonds tinted blue or pink are sometimes more valuable, because they are so
rare. •

•r^ 1
: Joke - What did the diamond have for lunch? (a couple of carats)^11^•..^ .. ••

Exploring Crystals

Carat
Size is obviously an important measure of the value of a diamond. A 1 carat diamond is^•
more valuable than a 0.5 carat diamond of the same cut, clarity and colour.

© Australian Georogical-Survey Organisation 1996



Crystal

Quartz *
Amethyst *
Sapphire

Agate *
Jasper (opaque quartz) *
Lapis Lazuli
Emerald
Topaz
Chalcedony *

Zircon
Diamonds

Myth

see the future in a quartz crystal ball
swallow ground amethyst to cure hangover
mixed with milk, calms the stomach
cures heart disease, dysentery, dermatitis and sore
eyes
successful crops
wear it on the thigh to assist childbirth
cures snakebite
cures chills caused by malaria and improves eyesight
cures jaundice
stops nosebleeds, and with the appropriate
incantation, makes its wearer invisible!
wear it on the index finger to ward off plague
wear on the left arm to make the wearer invincible

Exploring Crystals
^ Page 19

Crystal Myths
If we believed all the stories about the magical and mystical properties of crystals, there
would be no need to visit the doctor or fear misfortune. According to legend and tradition,
you can keep danger at bay, detect poisonous substances, ease childbirth and cure
hangovers simply by using the appropriate crystal! Although some people still believe in
the healing powers of crystals, there is no scientific evidence to support these
claims.

Perhaps the positive power of the mind was more powerful than the effects claimed to be
true of these crystals:

* Note: These crystals have the same basic composition (silicon dioxide) but yet they have
different effects?!

The ancient Egyptians used crystals as amulets (carvings which are used to protect against
evil). Garnet was considered a useful one. When engraved with the image of a lion, it
would protect its wearer from disease, and keep him/her safe while travelling. Gemstones
cut into the shape of a scarab beetle were very popular amulets.

The Most Noble Electuary of Jacinth
The Most Noble Electuary of Jacinth was a supposed remedy for serious illness in the 17th
and 18th centuries. It consisted of a mixture of powered gemstones such as jacinths
(known now as zircons) emeralds, sapphires and topaz, along with a cocktail of other
organic ingredients. Charles VI of France took this medicine, and died shortly after. This
"remedy" was also given to Phillip II of Spain only two days before his death. Of all the
ingredients in the mixture, the gemstones were probably the most harmful, because the
sharp edges of the ground gemstones would tear the intestinal walls!

©Australian geothgical-Survey Organisation 1996
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Crystals and health
Although it is clear to us now that these crystals are not "magical", crystalline substances
are often used in medicine to ease symptoms of pain and other disorders. For example,
Epsom Salts (crystals of magnesium sulfate) has the effect of clearing out the digestive
system. Common aspirin is made of salicylic acid which forms a crystal shape when it is
in solid form. Smelling salts are made of ammonium salts including ammonium sulfate
which is also crystalline.

Sometimes crystals form from solutions in our body. For example, gall stones are
crystalline bile salts, kidney stones are crystals of urea which accumulate in the kidney or
bladder and gout is a painful affliction caused by urea crystals accumulating in the foot or
knee.

Next time you fall over and hurt yourself, don't reach for the frozen peas out of the freezer,
use ammonium nitrate crystals instead! When these crystals are added to water, they cool
the water significantly. In order for the crystals to dissolve, they have to use energy (in the
form of heat) from their surroundings. As this reaction removes heat from the water, it
gets cold. Some First Aid officers use cold compression packs of ammonium nitrate and
water.

Latent Heat of Crystallisation
If ammonium nitrate solution is allowed to evaporate, the ammonium nitrate crystallises.
As the crystals form, heat is released into the surroundings. This is the opposite to the
process which occurs when the crystals are dissolved in the water and is called latent heat
of crystallisation.

Latent heat of crystallisation also occurs in rocks. As molten rocks cool, they form crystals
(see the granite sample in the Exploring Crystals Kit). The formation of these crystals may
take thousands of years.

ACTIVITY IDEA Plaster of Paris can be used to demonstrate the effect of latent heat of
crystallisation. Mix up some plaster of Paris with water. Measure the
temperature of the mixture with a thermometer. As the plaster
hardens, (it is crystallising) the temperature will rise!

ACTIVITY IDEA The opposite effect can be demonstrated by putting sugar crystals into
a cup of coffee or tea. As the sugar is dissolved, it uses up heat from
the surrounding liquid. (Energy is needed to break the sugar
molecules apart as they are dissolved.) Measure the temperature of
the liquid before and after you add some sugar. Does the temperature
drop?

©Australian GeofogicarSurvey Organisation 1996
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O^Glossary•^Amorphous^No particular regular shape; non-crystalline

Atom^Smallest known particle of an element which still retains the
properties of that particular element.

Basalt^A dark coloured fine-grained volcanic rock

Brilliant^A popular diamond cut

Cabochon^A smooth dome shaped cut

Carat^A unit used to measure the mass of gemstones 1 carat = 200mg.

Cleavage^The way that a mineral splits when broken. The crystal will break
along planes of weakness.

Conchoidal^Shell-like fracture

Crystallography^The study of crystals, including their growth, shape and atomic
structure.

Faceted^When a crystal is cut with flat surfaces, it is said to be faceted.

Feldspar^A common rock forming mineral, it occurs in two main varieties:
orthoclase (pink), and plagioclase (white or grey).

Fluorescence^Minerals which are fluorescent are able to emit light when exposed
to UV light or X-rays.

Galvanised iron^Iron coated with a layer of zinc

Gypsum^A soft white or colourless mineral; blackboard chalk is made from
gypsum

Habit^The natural shape that a mineral forms - it may not be the same as
the crystalline structure of the mineral

Inclusions^Impurities inside a crystal

Mica^A flexible mineral containing iron and magnesium. It forms
flat sheets and has a shiny appearance and can be black or
colourless.

Mineral^A naturally occurring substance with a reasonably fixed chemical
composition and crystal structure.

Precipitating^When a solid comes out of solution (undissolving)

°Australian Geofogkat Survey Organisation 1996
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Sandstone^A bedded sedimentary rock composed of sand-sized grains.

Saturated^A very concentrated solution, so concentrated that no more solid can
dissolve into the liquid

Silica^Silicon dioxide

Viscous^Thick liquid, slow moving (like honey)

Vitreous^Glassy

Volcanic^Igneous rocks that have poured out onto the Earth's surface
when molten.

•••

••
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0
• Australian Geological Survey
•
• Organisation
•
•

The Australian Geological Survey Organisation (AGS0) was established in 1946 (as the
Bureau of Mineral Resources) to provide a national geological survey focus during the

•
post-war period. Since then, the Organisation has been instrumental in the discovery of
numerous mineral and petroleum deposits and continues to provide the very best survey

•
data and geological advice to government, industry, and research institutions. The research
which AGS0 undertakes covers almost all areas of geoscience, including mineral

• exploration, onshore and offshore petroleum exploration, environmental and groundwater
geoscience, and geological and geophysical data and the production of cartographic and

• geographic information system (GIS) products.

• For more information about the Australian Geological Survey Organisation and its
• products, contact:

• Australian Geological Survey Organisation
Sales Centre

• GPO Box 378
Canberra ACT 2601

• ph (06) 249 9519
fax (06) 249 9982

•

• For more information about the Geoscience Education resources and services, contact:

• AGS0 Geoscience Awareness Unit
• GPO Box 378

Canberra ACT 2601
• ph (06) 249 9497

fax (06) 249 9982
•

•
•
•
•
•
10
•
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Crystals around you

 

Activity

There are crystals all around you. In the kitchen, bathroom, and in nature.
Collect some things from around your home, and have a close look at them.
Which ones are crystals?

What you will need:

the Exploring Crytals Kit
epsom salts
bath crystals or washing soda
jelly crystals
flour
custard powder
cocoa
magnifying glass

• Look at all these different things under a magnifying glass. Sort them into
groups. (Crystals and not crystals) Write the names of each in the table

• below. Pick two things that are crystalline. Draw their crystal shapes.
•

geoscience Education,Australian Geothgical Survey Organsation, 1996
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Activity

••••
• Colour The Crystals

Colour these crystal shapes with coloured pencils!

Beryl (green)

Garnet (red)

Fluorite (blue/purple)

Orthoclase feldspar (pink)

Rutile (brownish red)
^ Sulfur (yellow)

CD Geoscience Education, Australian Geological -Survey Organisation, 1996
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Crystal Creations

 

Activity
Crystals in rocks
Sometimes dissolved chemicals seep through cracks and holes in rocks, then
after the water evaporates, crystals will form. We sometimes call these veins.
(eg quartz veins) These activities demonstrate how crystals can grow from
dissolved chemicals.

Brick Crystals

Materials:

 

brick

brick
salty water
large dish or bucket

salty water

 

• Put a dry brick into a dish containing very salty water (so that the brick is
just covered).

• Leave it for a few days, until the water has evaporated. You will notice
that the salt crystals form veins through the holes and cracks in the brick.

Salty Solutions

Materials:
salt, water
cup
wool

1/4 fill a cup with salt. Cover the salt with warm water. Dip a piece of wool
into the salt water and let it hang over the side of the glass. As the water
evaporates over the next few days, watch as the salt crystals grow!

© Geoscience Education, Australian Geofogkat Survey Organisation, 1996
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•

paddle pop^•
Rock Candy^ stick

•
Materials:

•sugar, water
saucepan
paper clip or button
pencil or paddle pop^ •
stick^ sugar
cotton^solution
jar ^ paper •lip

• Boil a cup of water in a saucepan.^h0
• Mix in a cup of sugar.
•

•
Keep adding sugar until no more
dissolves. (This is called a saturated solution.)

• Pour the solution into a jar.
• Tie some cotton onto a paddle pop stick (or a pencil) and dangle a paper

clip or a heavy button into the solution.
• Be patient! As the water evaporates (after a week) "rock candy" will form. •

Note: Do not encourage students to eat rock candy as it may have become
contaminated during the process.

Crystal Decorations
paddlepop

Materials:^ stick
pipecleaner^ •
200g Epsom salts

•1/2 cup water
saucepan
j a r
cotton^ •pipecleaner

Epsom salts^•
paddle pop stick

solution •
• Twist and shape the pipecleaner so that they make interesting shapes (see

example).
• Tie the pipecleaner shape onto onto the cotton and suspend it from the

paddle pop stick. (continued^

Geoscience Education, Australian GeofivicaiSurvey Organisation, 1996
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• Boil the water in a saucepan. Dissolve the Epsom salts. Keep adding the
• salts until no more will dissolve.

• Pour the solution into the jar, being careful that no undissolved crystals
are present. (because crystals will grow on these instead of the pipecleaner)

• Suspend the pipecleaner into the solution. Wait a few days to see your
crystal decorations form!

Variations:
• use food colouring for different colours
• use different crystals (eg salt, sugar)

Note: Alum or Copper Sulfate crystals work very well in these activities. These are
available from gardening shops. However, these chemicals are poisonous and not
recommended for student use. Follow the safety instructions on the packaging and consult
your OH&S Officer for details on safety procedures when using these chemicals.

Bath Salts
Materials:

 

plastic bag

 

500g washing soda
food colouring (only a few
drops)
jar with a lid
plastic bag
a few drops of water

washing soda and
food colouring

• Put the washing soda, food colouring and water into the bag and shake
them until the colour spreads.

• Add a few drops of perfume or scented oils (optional).
• Empty the crystals onto some paper towel and leave for 5 - 10 minutes.
• Put the crystals into the jar and decorate how you please! If you use a nice

jar, these make a lovely present!

0 Geoscience Education,Australian Geological . Survey Organisation, 1996



Activity

•
•
•

••
• Crystal Images

Use these dot-to dot instructions to draw an image of mystery crystals.
Compare the image to the crystals in your kit. Do you recognise them?

Heading dot to dot
This first dot-to-dot will give you the name of the crystals. There are two words, the
first has 6 letters, and the second has 8 letters.
Draw straight lines between the numbers in numerical order (ie 1 -2 - 3 - 4- 5....) Each
letter starts at the number 1.

•

•
0
•
•

•

1&5^4^1^4^2^3 2
55^55^ • 313 ^2 1^2.

5 •

• • • •2 31 41

2^12^31^2• • •^• •^/ •
5•^.4^21 3•

• • •^\^•^•

• .

• •^•4^3^4

 2 2^31^2^1• • •^• •^•^•
3.^g

113• •

1
• •^•^• •^5.^*3^41^3^6^5^4^1^42^36^5

•
0
0
S
I

•••

•
•

•
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•

6

•
4

23

24 16

5 •

•
•
•

9• •
••1

•

•
• 21

• 2225 • •
18^14 •

13

• 17

•
•
•
•

Crystal Image dot to dot

Do not join the dots continuously from 1-25.
Starting at number 1 draw straight lines from number 1 to number 13 in numerical order.
ie. 1- 13
then do the same for the following number sequences:
14 -17
18 - 21
22 - 25

11

•
•••
•
•
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Crystal Images

Answers:

^1&5 41^42^32^31

^

11[ [^1 R 51:142^3 2^3 1^4 1
12^31^2

Activity

212• •

3

2 2 3^1 2 1• [^

14i 3.is 6^51
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Activity

S
• Harder than....•••••

What you need:

Every substance has a hardness — and it is either harder than or softer than other
substances. Gold is harder than your fingernail but softer than a twenty cent coin! In
this activity you are going to make your own hardness scale using substances around
your classroom.

• For this activity you will need five (5) different substances. Try to find five that are very
• different from each other. You might like to try: chalk, pencil lead, wood, plastic, steel, glass,

aluminium, fingernail, crayon, plasticene, lego, eraser
•

• The five substances I have chosen are:

• 1
• 2

3
•

• 4

• 5

• Arrange your five substances with the first being the hardest and the fifth being the
softest. You can guess if you don't know the correct order.

• • With those substances that are close in hardness, try to scratch one with the other. If it

•
does, it must be harder. Be careful to check which is scratching which! Rearrange your
substances once you have tested them all, and complete the list below from hardest to

•
softest.

•

•
1 ^

• 2^

• 3^

• 4^
•

5^•

is the hardest substance.

is the softest substance.

•
Geoscience Education, Australian Gedogicar Survey Organisation, 1996
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sauc

"crown"
shape

Questions:
What has happened? Where did the crystals grow most? How did they get there?
Why did you have to put the crown in a cool place?

A

•
•

Crystal Crowns
• Grow your own crystal crowns! Activity

• What you need:
coloured blotting paper/filter paper

• scissors
cup of hot water

• table salt
saucer or flat dish

• food colouring (optional)

• What to do:
Preparing the crown

• 1. Cut the paper as shown in the diagram.
2. Stick the sides marked A and B together to make a crown shape. Put this to one side

• while you prepare the crystal solution.

• Preparing the crystal solution
3. Put 3 teaspoons of salt into the hot water. Mix it until it dissolves.

• 4. Add another teaspoon of salt. Mix again until it dissolves. Repeat this step until no
more salt will dissolve.

• 5. If you are using white blotting paper, add a few drops of food colouring.
6. Pour this liquid into the saucer so that it covers the bottom of the saucer.

O^7. Place the "crown" into the liquid, with the pointed bits up.
8. Leave this in a cool place (eg the cupboard) for a couple of days.

Geoscience Education, Australian Geo fivkal. Survey Organisation, 1996



Activity

Cleaving Crystals
This activity demonstrates how crystals break along planes of
weakness. This is called cleavage. Crystals are made of atoms
bonded together in a regular pattern. Where the bonds between
the atoms are weak, the crystal will break, forming cleavage planes.

What you need:
paddle pop sticks
flour
water
paper cup
newspaper

What to do:
1. Mix the flour and water in the paper cup to form a thick paste.

2. Put a paddle pop stick onto the newspaper.

3. Spread some mixture over the stick.

4. Place another paddle pop stick on top of the first one.

5. Repeat steps 3 and 4 to make a stack of paddle pop sticks.

6. Allow the mixture to dry for at least 1/2 an hour.

Try to pull the paddle pop sticks apart. Where do they break? Where are the "planes
of weakness"?

The paddle pop sticks break parallel to each other. They break apart where the mixture
is holding them together, because this is only a weak "bond" between the sticks. This is
a model of how crystals break.

Geoscience Education, Australian Georogical 'Survey Organisation, 1996



Crystal Models
Crystals come in many shapes and sizes. In this activity you can make a
model of a salt crystal, a zircon crystal and a magnetite crystal. Salt and
magnetite crystals are cubic and zircon crystals are tetragonal.

Activity

Instructions:
1. Cut the pattern out of the paper
2. Fold the paper along the dotted lines, (or in the case of the magnetite pyramid, fold along
the thick black line) making all folds the same direction.
3. Connect the overlapping tabs to their corresponding sides. (1 to 1, 2 to 2, 3 to 3 etc...) Use
tape or glue to stick them together.

The Cube (Salt)

                

/

   

^J5\

             

3

    

6
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1

    

The Tetragonal (zircon)

1
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The Magnetite Pyramid (cubic crystal shape)
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••
• Snowflakes• Activity

Make a model of a snowflake crystal!

What to do:
Make a copy of the hexagon shape provided below, then follow the steps
shown over the page to make a snowflake!

NB: Snowflakes are six sided. Try several different patterns. No two snowflakes are
exactly the same!

© Geoscience Education, Australian Geotogical . Survey Owanisation, 1996



Instructions:

step 5
step 6

cut out
a pattern
along
the fold
line

© Geoscience Education, Austrafian Geological - Survey Organisation, 1996
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