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Gold: 19.3
Platinum: 21.4
Iridium: 22.4 (densest material on Earth)

MAJOR MINERAL SUITES

ELEMENTS

Metallic:Au, Ag, Cu
Not Al, Pb, Zn, Fe, etc.
Nonmetallic: C - Diamond, Graphite
Sulfur

SULFIDES

Dense, Usually Metallic
Many Major Ores

Pyrite FeS2
Chalcopyrite CuFeS2
Galena PbS2
Sphalerite ZnS2
Molybdenite MoS2

HALIDES

Usually Soft, Often Soluble

Halite NaCl
Fluorite CaF2

SULFATES

Soft, Light Color

Gypsum CaSO4
Barite BaSO4

OXIDES

Often Variable, Some Ores

Hematite Fe2O3
Bauxite Al (OH)3 (a hydroxide)
Corundum Al2O3 (Ruby, Sapphire)

CARBONATES

Fizz in Acid, Give off CO2

Calcite CaCO3
Dolomite CaMg (CO3)2

MOST IMPORTANT MINERAL SUITE:
The Silicate Minerals

Si + O = 75% of Crust
Silicates make up 95% + of all Rocks
SiO4: -4 charge
Link Corner-To-Corner by Sharing Oxygen atoms

Nesosilicates - Isolated Tetrahedra

In the sketches, the O's represent oxygen atoms. The tetrahedra are viewed from above, and the Si atom
would be below the central O atom. These are schematic only, the actual three-dimensional arrangement is
more complex.

Red circles denote other cations between the tetrahedra. The silica unit behaves like any other radical. The clue to a
nesosilicate is SiO4 in the chemical formula. Representatives:

Olivine
Garnet
Kyanite



Crystallography 
!

Science study the crystalline solids and the principles 
that govern their growth, external shape (Geometry), 
and internal structure. 

!

A crystal is a solid object with a geometric shape that 
reflects a regular internal structure.
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!

Crystallization Processes 
• different media (liquid, solid, gas) have ions in random 

case 
• change in conditions needed (T,P,X) 
• repetition of unit ( atoms, anionic group, molecules, 

ions, combination) in 3D must be 
!

Very slow cooling of a liquid allows atoms to arrange 
themselves into an ordered pattern, which may extend of a 
long range (millions of atoms).  
!

This kind of solid is called crystalline. 



Space lattices: is “a 3-Dimensional array of points in 
space that can be repeated indefinitely”. 

  
!

!

!

!

•All "points" in a lattice have identical environments 
these "points"known as motifs or unit cells may be 
considered atoms, ions, or groups of atoms/ ions. 

!

•The repetition of those unit cells in a space lattice is 
performed by certain operations which build the space 
lattice. �4

Close Packing
Steven Dutch, Natural and Applied Sciences, University of Wisconsin - Green Bay
First-time Visitors: Please visit Site Map and Disclaimer. Use "Back" to return here.

Packing and Interstices

As shown here,
identical atoms (or
any round object, like
coins or pool balls)
can be arranged in a
hexagonal pattern
where each is
surrounded by six
neighbors. This is the
tightest possible
packing.

The left diagram shows what happens when we place a second layer (light gray) on top of a lower layer
(dark gray). Each upper atom nestles into a pocket formed by three other atoms, enclosing a small space
called an interstice. In this case, the four atoms occupy the corners of a tetrahedron, so the openings are
called  tetrahedral interstices. There are two sets. One is enclosed by an upper atom resting on three below
(shown in purple). Another consists of a cluster of three upper atoms resting on one below (shown in blue).
In both cases the centers of the four atoms are the vertices of a tetrahedron (shown in yellow) but in one case
the tetrahedron points up, in the other it points down.

It turns out there are much larger openings between the sheets. A cluster of three upper atoms can also rest
on a cluster of three lower atoms (shown in red). These six atoms lie at the corners of an octahedron, so these
openings are called octahedral interstices. In real minerals the close-packed sheets are often anions (usually
oxygen) with cations in the interstices. Some of the tetrahedral and octahedral interstices are shown between
the atoms (blue and yellow, respectively)

On the right is a representation of a pair of close-packed sheets just showing the shapes of the interstices.
Each vertex is the site of an atom. We have a sheet of octahedra (blue top faces) separated by tetrahedra. The
top faces of the tetrahedra are omitted and only the downward-pointing tetrahedra are shown. The upward-
pointing tetrahedra are hidden; their top vertices are located where three octahedra join.

We can see each octahedron has six atoms, but each atom is shared with three octahedra, so for each
octahedron there are 6(1/3)=2 atoms. Each upward-pointing tetrahedron can be pictured as sharing the three
base atoms with three neighbors plus having the top atom to itself, or 3(1/3)+1=2 atoms. The same is true for
downward-pointing tetrahedra. Thus there are equal numbers of octahedra, upward-pointing tetrahedra and
downward-pointing tetrahedra, and two atoms for each polyhedron. There are two tetrahedra for each
octahedron, one upward and one downward.

Hexagonal Close Packing
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Building a space lattice: from motifs to lattices: 

Motif → Line lattice → Plane lattice → Space Lattice



Elements of symmetry: 

i- Axes of rotation (1, 2, 3, 4 or 6): If during the rotation of a 
crystal around an axis one of the faces repeats itself two or 
more times, the crystal is said to have an axis of symmetry.  
!

!

Symmetry axes may be  
• two fold (digonal) if a face is repeated twice every 360°,  
• three fold (trigonal) if it is repeated three times,  
• four fold (tetragonal) if it is repeated four times, or  
• six fold (hexagonal) if that face is repeated 6 times. 
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 ii- Center (n or i): If two similar faces lie at equal 
distances from a central point, the crystal is said to have 
a centre of symmetry. 
	
  
!

!

!

iii- Planes (m): When one or more faces are the mirror 
images of each other, the crystal is said to have a plane of 
symmetry.
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Crystal Morphology 

Crystal Faces:the regular internal structure of a mineral 
is manifested by the development of surfaces that define 
the shape of the crystal, and which may be related to one 
another by certain elements of symmetry. 
!

•Bravais Law: states that the frequency by which a face 
is observed in a crystal is directly proportional to the 
number of “points” it intersects in a lattice.
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•Factors affecting the morphology of a crystal 
(conditions of growth):  
1.T 
2.P 
3.solutions available 
4.direction of solution flow 
5.availability of open space. 

!

!

•Steno’s Law: The angles between these faces (known 
as the interfacial angles) are always constant for the 
same mineral (at the same temperature).
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Crystallographic axes are imaginary lines of reference 
inside a crystal that intersect at a crystal centre. Any 
crystal has either 3 or 4 crystallographic axes (a, b and 
c or a1,a2,a3,c). The angles between these axes are 
known as the interaxial angles (alpha, beta and 
gama). 

!

Crystal Forms:  
Two or more faces having the same geometric relations 
to the crystallographic axes, and the same shape, and 
which are related to each other by some element of 
symmetry in a crystal.

�10



!

The Crystal Systems 

The crystal classes are grouped into seven crystal 

systems based on the following criteria: 

	
 a) relative lengths of the crystallographic axes 

	
 b) number of crystallographic axes 

	
 c) values of the interaxial angles 

	
 d) some essential element of symmetry
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Isometric  
System

90° 90°

90°

ISOMETRIC 
α = β = γ = 90° 

a = b = c

c = a

b = aa

Pyrite, Galena, 
Halite, Fluorite, 

Garnet, Diamond

α β

γ

Unique Symmetry: 
Four 3-fold axes



Tetragonal 
System

90° 90°

90°

TETRAGONAL 
α = β = γ = 90° 

a = b ≠ c
c ≠ a

b = aa

Wulfenite, Zircon, 
!
!

Chalcopyrite, Rutile

α β

γ

Unique Symmetry: 
One 4-fold axis



Hexagonal 
System

120°

90° 90°

HE
XA

GO
NA

L 
α

 =
 12

0°
, β

 =
 γ 

= 
90

° 
a =

 b 
≠ 

c

c > a

Qu
ar

tz,
 B

er
yl 

(E
me

ra
ld)

, 
Ap

ati
te,

 G
ra

ph
ite

, 
Co

ru
md

um
 (R

ub
y, 

Sa
pp

hir
e)

b = a

α

β γ

Un
iqu

e S
ym

me
try

: 
On

e 6
-fo

ld 
ax

isa



Orthorhombic  
System

90° 90°

90°

ORTHORHOMBIC 
!
!

α = β = γ = 90° 
a ≠ b ≠ cc ≠ a b ≠ aa

Sulfur, Barite, 
!

Olivine, Topaz

α β

γ

Unique Symmetry: !
!

Three 2-fold axes



Monoclinic  
System

90° 90°

MONOCLINIC 
!
!

α = γ = 90°, β ≠ 90° 
a ≠ b ≠ cc ≠ a b ≠ aa
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Unique Symmetry: 
One 2-fold axis

≠90°



Triclinic  
System

≠90° 

≠90°

TRICLINIC 
α ≠ β ≠ γ ≠ 90° 

a ≠ b ≠ c
c ≠ a

Turquoise, Plagioclase 

Kyanite, Albite

α

β

γ

Unique Symmetry: 
None

≠90°

b ≠ a

a
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Symmetry

What crystallographers look for is the rules behind the
shapes, called symmetry. All the shapes above can be cut in
half in many ways to make mirror-image halves. This is
called reflection symmetry. 

They can also be rotated in various ways to positions where
they look the same as their original orientation. This is
called rotational symmetry.

All together, there are 32 kinds of symmetry crystals can
have, grouped into six classes according to the shapes of the
unit cells in the crystal.

Animation of Symmetry

Upper Left: several possible ways of cutting the crystal into
mirror-image halves are shown. There are numerous others
not shown.

Upper Right: Note that the crystal looks the same four
times during a complete rotation. We refer to this rotation
axis as a four-fold symmetry axis.

Lower Left: The crystal looks the same three times during a
complete rotation. We refer to this rotation axis as a three-
fold symmetry axis.

Lower Right: The crystal looks the same twice during a
complete rotation. We refer to this rotation axis as a two-fold
symmetry axis.

Note (for the passionately interested only) that something irregular with no symmetry will only look the
same once during a 360-degree rotation. Thus crystallographers say something with no symmetry has one-
fold symmetry. It sounds convoluted, but all the mathematical formulas (yes, there is math in geology!) that
are used to describe symmetry work perfectly. 

The Crystal Classes
Just as plane patterns can be described in terms of five unit cells, three dimensional patterns can be thought
of as belonging to one of six classes. Just as there are two kinds of rectangular plane patterns, there are
several types of three-dimensional pattern for each of the six crystal classes

ISOMETRIC or CUBIC
All edges equal, all angles 90 degrees
Halite, Fluorite, Pyrite
Galena, Garnet, Magnetite
Gold, Copper, Diamond

TETRAGONAL
Two edges equal, all angles 90 degrees. Square cross-section but
different third dimension.
Zircon
Chalcopyrite

ORTHORHOMBIC
No edges equal, all angles 90 degrees. Like the shape of a cereal
carton.
Olivine, Andalusite, Sillimanite
Some Amphiboles and Pyroxenes
Topaz, Sulfur

MONOCLINIC
No edges equal, two angles 90 degrees. The shape obtained by
knocking the ends out of a carton and skewing it.
Some Amphiboles and Pyroxenes
Micas
Gypsum, Epidote
Sugar also belongs to this crystal class.

TRICLINIC
No edges equal, no angles 90 degrees
Most Feldspars
Kyanite
Clay Minerals

What if you have one 90 degree angle, or two equal edges? It turns
out that these contribute no extra symmetry and the crystal is still
triclinic.

HEXAGONAL 
Angles of 60, 90, and 120 degrees.
Ice (snowflakes)
Quartz, Beryl
Corundum, Hematite
Calcite, Dolomite

Return to Overheads Index
Return to Professor Dutch's home page

Created 8 February, 1997
Last Update 23 January, 2001

Not an official UW-Green Bay site
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No edges equal, all angles 90 degrees. Like the shape of a cereal
carton.
Olivine, Andalusite, Sillimanite
Some Amphiboles and Pyroxenes
Topaz, Sulfur

MONOCLINIC
No edges equal, two angles 90 degrees. The shape obtained by
knocking the ends out of a carton and skewing it.
Some Amphiboles and Pyroxenes
Micas
Gypsum, Epidote
Sugar also belongs to this crystal class.

TRICLINIC
No edges equal, no angles 90 degrees
Most Feldspars
Kyanite
Clay Minerals

What if you have one 90 degree angle, or two equal edges? It turns
out that these contribute no extra symmetry and the crystal is still
triclinic.

HEXAGONAL 
Angles of 60, 90, and 120 degrees.
Ice (snowflakes)
Quartz, Beryl
Corundum, Hematite
Calcite, Dolomite

Return to Overheads Index
Return to Professor Dutch's home page

Created 8 February, 1997
Last Update 23 January, 2001

Not an official UW-Green Bay site



Distribution of minerals among the different crystal 

systems: 

1.26% cubic,  
2.21% monoclinic,  
3.20% Orthorhombic. 

!

Two types of forms: 

■Open form – one or more faces that do not completely 
enclose space 

!
■Closed form – faces that completely enclose space 

!
There are 32 forms in the nonisometric (noncubic) crystal 
systems and another 15 forms in the isometric (cubic) system. 

�20



Three types – seven modifiers – total of 21 forms
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10 types of forms 
■ Pedion (open): Single face 
■ Pinacoid (open): Two parallel faces 
■ Dihedron (open ):Two non-parallel face

Non-isometric form
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■ Trapezohedrons (closed) 
■ 6, 8, 12 faces 

■ Scalenohedron (closed) 
■ 8 or 12 faces 
■ Each a scalene triangle (no two angles are equal) 

■ Rhombohedrons (closed) 
■ 6 faces, each rhomb shaped (4 equal sides, no 90 angles) 

■ Tetrahedron (closed) 
■ 4 triangular faces
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