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What is a Mineral?

Definition of a mineral
Naturally occurring
Inorganic
Solid
Possess an orderly internal structure of atoms
Have a definite chemical composition

Solids with Specific
Compositions

All minerals are solids.

Solids have definite shapes and volumes;
liquids and gasses do not.

No gas or liquid can be considered a mineral.
Some minerals are composed of single
elements.

Most minerals are composed of
compounds (more than one element).

Natural Beauties

What are the objects
in this photograph?
Minerals

How do the objects
differ from one
another?

They have different
physical and chemical
properties.

Naturally Occurring and
Inorganic

Minerals are formed by natural processes.
Synthetic diamonds are not natural.
Minerals are inorganic.
They aren't alive and were never alive during
any part of their existence.
Example:
Salt is a mineral.
Sugar is not; it was harvested from plants.

Definite Crystal Structure

Minerals are composed of atoms which
occur in a regular (geometric shaped),
repeating three-dimensional pattern.

A crystal is a solid in which the atoms are
arranged in repeating patterns.

The Crystal form is the external
expression of the orderly arrangement of
atoms.




Definite Crystal Structure

If space is limited, when the crystal
develops, the crystal will fill up only the
available space and may not exhibit a
particular crystal form.

Does the crystal form still exist? Yes
However, minerals that form in a large
space without space restrictions develop
individual crystals with well-formed crystal
faces.

The mineral quartz often
exhibits good crystal form

Minerals from Magma

Magra is molten (liquid) rock underneath
the surface of the earth
Minerals can form from magma.
Magma will cool slowly under the surface.
Once confined the atoms react chemically
and result in a crystalline structure.
The type and amount of elements present
in the magma will determine which
minerals will form.

Crystal Systems

Generally, the mineral will take the shape of one

of six major crystal systems:
Crystal Systems

Examples

Pyrite Wulfenite Pyromophite  Topaz Gypsum Feldspar

Systems
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Cubic Tetragonal Hexagonal Orthorhombic  Monoclinic  Triclinic

Crystalline Structure

More commonly the internal atomic arrangement
of a mineral is not so readily apparent.

This is because it was formed in a confined
space.

Cooling of Magma

The rate of cooling of the magma
determines the size of the crystals.

If it cools slowly larger crystals form.

If it cools rapidly smaller crystals form
because the atoms don’t have time to
arrange themselves into large crystals.




Minerals from Solution

Minerals can form when elements dissolve

in a supersaturated solution.

When the liquid evaporates from the
solution, the elements remain behind and
may begin to arrange themselves into
crystals.

For Example: Boron Minerals form from
dissolved borates in a solution.

Relative abundance of the Most
Common Elements in the
Continental Crust

Approximate
Element Percentage by Weight

Oxygen (O)
Silicon (Si)
Aluminum (Al)
Iron (Fe)
Calcium (Ca)
Sodium (Na)
Potassium (K)
Magnesium (Mg)
All others

Total

Source: Data from Brian Mason.

Silicates

Most common mineral group
Contain the silicon-oxygen tetrahedron

Four oxygen atoms surrounding a much
smaller silicon atom

Combines with other atoms to form the
various silicate structures

Mineral Groups

A few dozen minerals are called the rock-
forming minerals

The eight elements that compose most rock-
forming minerals are oxygen (O), silicon (Si),
aluminum (Al), iron (Fe), calcium (Ca), sodium
(Na), potassium (K), and magnesium (Mg)

Most abundant atoms in Earth® crust are
oxygen (46.6% by weight) and silicon (27.7%
by weight)

Minerals

Mineral groups
Rock-forming silicates
Feldspars are the most plentiful mineral
group
Crystallize from molten material
Nonsilicate minerals
Major groups
Oxides
Carbonates

Silicon-Oxygen Tetrahedron
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Hornblende — a member of
the amphibole group

Silicates; Contd.

Groups based upon tetrahedral
arrangement

Feldspars
Two types of feldspar are Orthoclase and
Plagioclase
Quartz — three-dimensional network of
tetrahedra

Silicates

Groups based upon tetrahedral
arrangement
Olivine — independent tetrahedra
Pyroxene group — tetrahedra are
arranged in chains
Amphibole group — tetrahedra are
arranged in double chains

Silicates; Contd.

Groups based upon tetrahedral
arrangement
Micas — tetrahedra are arranged in
sheets

Two types of mica are biotite (dark) and
muscovite (light)

Feldspars - Three-dimensional network
of tetrahedra

Orthoclase Feldspar




Plagioclase Feldspar

Some common non-silicate
minerals

Oxides

Oxides are compounds of oxygen and a
metal.

Examples are Hematite (Fe,O,) and

magnetite (Fe;0,); both good sources of
iron.

Minerals

Mineral groups

Nonsilicate minerals
Major groups
Carbonates
Oxides
“Native” elements

Carbonates

A major rock-forming group
Found in the rocks limestone and marble
found in sedimentary rocks

Many have economic value

Native Copper




An underground halite (salt)

Minerals :
mine
Mineral resources
Reserves are already identified deposits

Ores are useful metallic minerals that can be
mined at a profit

Economic factors may change and influence a
resource

The Copper Queen Mine in
Bisbee, AZ

A Jewel in the Necklace

What mineral do you
think the large
gemstone is?

Why might this
mineral have been
used in this necklace
rather than another
mineral?

Mineral Identification Color

In order to identify minerals, geologists rely on Color is the most noticeable characteristic
several simple tests to determine the properties of minerals

of the mineral. . ] o
The properties include: It is one of the least reliable characteristics
Color because many minerals have several
Luster varieties with different colors.
Texture
Streak
Hardness
Cleavage or fracture
Density and specific gravity




Varieties of Quartz

Examples of Luster

Metallic Luster Non-Metallic
Luster

Quartz: Non-metallic Luster

Luster

Luster is the way that a mineral reflects
light from its surface.

Luster is described as being either metallic
or non-metallic.

Non-metallic luster can be further broken
down into the following:
Dull, Earthy, Waxy, Silky, or Vitreous (glassy)

Pyrite (fool's gold)
displays metallic luster

Texture

Texture describes how a mineral feels to
the touch.

The texture of a mineral might be

described as: greasy, soapy, glassy,
rough, ragged or smooth.




Greasy Texture

Graphite feels greasy.

Streak Plate Samples

Although the color may vary from mineral
to mineral the streak usually does not.

Mohs’ Hardness Scale

Streak

A mineral rubbed across an unglazed
porcelain plate will sometimes leave a
colored powdered streak on the surface of
the plate.

The color of the streak is sometimes
helpful in identifying the mineral

This test cannot be used to identify all
minerals.

Hardness

Hardness is a measure of how easily a mineral
can be scratched.
One of the most reliable tests for mineral
identification.
Mohs’ hardness scale is a relative scale of
hardness used to determine the hardness of a
mineral by using the “scratch test”.

Minerals were chosen because they are easily
recognized and readily found in nature.

Hardness is determined by the arrangement of a
minerals atoms.

Cleavage and Fracture

Minerals break along planes where
bonding is weak.
A mineral that splits easily and evenly
along one or more flat planes is said to
have cleavage.
Example:
Mica has perfect cleavage in one direction.
Halite has a cubic cleavage.




ree examples ot perfect

cleavage — fluorite, halite, Cleavage and Fracture
and calcite Some minerals break unevenly and leave
jagged edges and surfaces.
This tenancy is called Fracture.
Quartz, chert, chalcedony, flint and
obsidian all have a particular type of
fracture called conchoidal fracture.

Conchoidal Fracture Density and Specific Gravity

Density is the ratio of mass divided by

volume.

Specific Gravity is the ratio of the weight

of a substance to its weight in water.
Specific Gravity is a form of Density.

Because both of these are ratios they are

particularly useful in the identification
process.

Minerals for $$$

Gems are valuable minerals that are 3

prized for their rarity and beauty. Trace MI nerals
elements can make one variety of a

mineral more valuable than other varieties

of the same mineral. The End
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