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Crystallography and Mineralogy 

Crystal Structure 

• A mineral’s atoms are arranged in a definite 
pattern repeated over and over again.  Atoms  
not confined, the repeating pattern of a 
mineral;s atoms forms a solid called a crystal.  
A crystal has flat sides that meet in sharp 
edges and corners.  All minerals have a 
characteristic crystal structure. 

• There are 2500 different kinds of minerals. 

Symmetry Elements 

Center of symmetry 

A crystal has an center of symmetry if an 
imaginary line when passed from some point on 
its surface through its center and a similar point 
is found on the line at an equal distance beyond 
the center. 

Axis of Symmetry 

The axis of symmetry is a direction or an 
imaginary line along which when a crystal on 
being rotated comes to occupy the certain 
number of equivalent position in space in a 
complete rotation. 

Symmetry Elements 
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Symmetry Elements 

Planes of Symmetry 

It is defined as an 
imaginary plane 
which when passed 
through a crystal 
divides it into two 
symmetrical halves 
one being the mirror 
image of the other. 

Symmetry of Roto-Inversion 

Roto- inversion is a composite elements which 
contains rotation about an axis with inversion 
about the center. 

Crystal Structure Crystal Form 
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Crystal Form Crystal Form 

Crystal Habit 

Crystal habits are representative of dominant 
forms that developed during their formation and 
are related to crystals structures, composition and 
formative process of minerals 

Crystal Habit 
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Crystal Habit Crystal Habit 

Crystal Habit 
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Crystallographic axes & angle  

Crystallographic axes: Are imaginary straight lines intersects at the center 

Of the crystal and extend to the mid of the crystal faces, edges or solid angle. 

 

Some characteristic of Crystal axes: 

1- They are straight lines. 

2- Intersect at a point called axial cross. 

3- They are 3 or 4. 

4- One of them is vertical others are horizontal. 

5- May be equal in length or different. 

 

 

Crystallographic axes name: 

1- c-axis is vertical extend from the upper face to the lower face of crystal 

2- b-axis is horizontal extend from the right face to the left face of crystal 

3- a-axis is horizontal extend from the front face to the back face of crystal 

 

Axial angle: They are angles formed as a result of  

intersection of crystal axes. 

 

1-               Alpha angle: 

 

 It is locates between c-axis and b-axis 

 

2-               Beta angle: 

 

 It is locates between c-axis and a-axis 

 

3-              Gamma angle: 

 

 It is locates between a-axis and b-axis 
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C-axis 









b-axis 
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Name axes angles 

Triclinic a    b    c     g     90 
o 

Monoclinic a    b    c  = g  = 90 
o 
     90 

o 

Orthorhombic a    b    c  =  = g  = 90 
o 

Tetragonal a  = b     c  =  = g  = 90 
o 

Hexagonal 
a 1  = a 2  = a 3 

  
  c   = 90 

o 

  

g =  120 
o 

Isometric a  = b  = c  =  = g  = 90 
o 

Crystal Systems 

• ISOMETRIC   
CRYSTALS  

c 

b 

a 

Fluorite cube with 

crystal axes. 

a  = b  = c 

 =  = g  = 90 
o 

• HEXAGONAL   
CRYSTALS  

a 1  = a 2  = a 3   c 

  = 90 g =  120 

• TETRAGONAL   
CRYSTALS  

a  = b     c 

 =  = g  = 90 
o 

Apophyllite 

CALCITE 
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• ORTHORHOMBIC   
CRYSTALS  

a    b    c 

 =  = g  = 90 
o 

• MONOCLINIC   
CRYSTALS  

a    b    c 

 = g  = 90 
o 
     90 

o 

• TRICLINIC   
CRYSTALS  

Microcline 

a    b    c 

    g     90 
o 

Mica Topaz 

Minerals 

• A mineral is a naturally occurring, inorganic 
solid that has a definite chemical composition 
and crystal structure.  In order for a substance 
to be called a mineral, it must have all of the 
characteristics described in this definition. 

Formation and Composition of 
Minerals 

• Many minerals come from magma, the molten 
rock beneath the Earth’s surface.  When 
magma cools, mineral crystals are formed.  
How and where magma cools determine the 
size of the mineral crystals. When magma 
cools slowly beneath the Earth’s crust, large 
crystals form.  When magma cools rapidly 
beneath the Earth’s surface, small crystals 
form. 

Rock Forming Mineral Groups 

Chemical Classification Mineral Elements 

Silicates Feldspar, Pyroxene, Olivine, 
Mica, Quartz 

Silicon, Oxygen 

Carbonates Calcite, Dolomite Calcium Carbonate 

Oxides Hematite Iron 

Sulfates Gypsum Sulfur, Calcium 

Halides Halite Sodium, Chlorine 
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Identifying Minerals 

• Minerals have certain physical properties that 
can be used to identify them, such as color, 
luster, hardness, streak, density, crystal shape, 
and other special properties. 

 Physical properties of minerals 

Color 

• The color of a mineral is an easily observed 
physical property.  Color can be used to 
identify only those few minerals that always 
have their own characteristic color, such as 
malachite which is always green.  The mineral 
azurite is always blue. 

• Many minerals come in a variety of colors.  
Some are colorless.Colors can also change. 

Color 
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The Many Colors of Quartz Luster 

• The luster of a mineral describes the way a 
mineral reflects light from its surface.  Certain 
minerals have a metallic luster, such as silver, 
copper and gold.  Minerals that do not reflect 
light have a nonmetallic luster, and are 
described by terms like glassy, pearly, dull and 
silky.  

Metallic Luster Non Metallic Luster 
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Hardness 

• The ability of a mineral to resist being 
scratched is known as its hardness.  Hardness 
is one of the most useful properties for 
identifying minerals.  Friedrich Mohs, a 
German mineralogist, worked out a scale of 
hardness for minerals ranging from 1 to 10.  
The number one is assigned to the softest 
mineral, talc and 10 is assigned to the mineral, 
diamond. 

Moh’s Scale 
1-10 

Streak 

• The color of the powder scraped off a mineral 
when it is rubbed against a hard , rough 
surface is called its streak.  The streak may be 
different from the color of the mineral.  Streak 
can be observed by rubbing the mineral 
sample across a piece of unglazed porcelain, 
which is called the streak plate. A streak plate 
has a hardness slightly less than 7.   

Streak 
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Density 

• Density is the amount of matter in a given 
space.  The density of a mineral is always the 
same, no matter what the size of the mineral 
sample. 

Crystal Shape 

• Minerals have a characteristic crystal shape 
that results from the way the atoms or 
molecules come together as the mineral is 
forming.  There are six basic shapes of crystal 
structures: cubic, hexagonal, orthorhombic, 
monoclinic, tetragonal and triclinic. 

Crystal shape Cleavage and Fracture 

• The terms cleavage and fracture are used to 
describe the way a mineral breaks. Cleavage is 
the tendency of a mineral to split along 
smooth, definite surfaces.  Some minerals, like 
halite, break into small cubes.  Micas  cleave 
along one surface, making layers of thin 
sheets.  Most minerals do not break along 
smooth lines. 
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Cleavage 
Fracture 

 

Special Properties 

• Some minerals can be identified by special 
properties.  Magnetite is naturally magnetic. 
Fluorite glows under ultraviolet light. Halite 
tastes salty.  Sulfur smells like rotten eggs.  
Calcite fizzes when hydrochloric acid is added 
to . Uraninite is radioactive. 
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