Definition of a Mineral

· Naturally Occuring

· Inorganic Solid

· Ordered Internal Structure

· Definite Chemical Composition

· Elements are combined in definite proportions that can be expressed by chemical formulas. (NaCl)

Definition of a rock


Solid aggregate or mass of minerals

Basic Chemistry

Element: A substance that cannot be broken down into simpler substances by ordinary chemical means.

Atom: The smallest particle of an element that still maintains the physical properties of the element. Composed of a positively charged nucleus surrounded by a cloud of negatively charged electrons

Structure of the atom


Nucleus: Composed of both Protons and Neutrons.

Protons positively charged with a charge equal to the unit charge of an electron 

Neutrons are electrically neutral and are equal in mass to protons.

A protons (and therefore neutron as well) is roughly 1800X heavier than an electron. Due to this, the number of protons and neutrons solely determines the mass of the atom. 

Atomic Number: The number of protons present in the atom. 

The number of protons present determines the element. For example all Hydrogen atoms have exactly one proton, all Carbon atoms have exactly 6 protons.


 Atomic Mass: The total number of protons and neutrons contained within the nucleus. Protons and neutrons both have an atomic mass of 1.0amu (atomic mass unit). 

Atomic Number -----6C12 ---------Atomic Mass 


    

If the Atomic Mass of an element is 12 and the Atomic Number is 6 how many neutrons are present in the nucleus?

Isotopes: Isotopes are atoms of the same element (therefore same number of protons) but with a different Atomic Mass.



C13 and C14  are isotopes of C12

Since the number of protons can not vary for an individual element there must be varying amounts of neutrons


Electrons: 

· Surround the nucleus

· There are an equal number of electrons as protons to achieve electrical neutrality. 

· Reside in discrete energy levels.

· Arranged such that the outermost energy level contains 8 or fewer electrons

The outermost electrons are called the valence electrons and are largely responsible for the atoms chemical behavior.  In most cases Atoms are most stable if the outer, valence, shell contains 8 electrons. This is known as the Octet rule.

Compound: A substance that consists of two or more chemically bonded atoms. The physical properties of the compound are distinctly different from the component atoms.

Bonding

Three types of bonding:


Ionic Bonding: Atoms gain or lose electrons to form either positive or negative Ions.  Bonds are formed between a positive and a negative Ion in order to create an electrically neutral compound.


Na loses an electron to form the positively charged Na+ Ion


Cl gains an electron to form the negatively charged CL- Ion




NaCl (Halite) is therefore electrically neutral.


Covalent Bonding: In covalent bonding electrons are neither gained nor lost. Atoms “share” electrons in order to complete their valence shell.
C has four electrons in its valence shell. Based on the Octet Rule it would like to have eight. In the formation of Methane it combine with four Hydrogen atoms, each of which has one electron it its valence shell. The result: Carbons ‘thinks’ it has eight electrons in its valence shell. 

(Hydrogen is one exception to the octet rule, it only requires two electron to fill its valence shell)


Metallic Bonding: In metallic bonding electrons are free to move throughout the structure.

· Responsible for the high electrical conductivity of metals
· Not very geologically important

Physical Properties

· Color

Generally an unreliable diagnostic property to use for mineral identification

Often highly variable for a given mineral due to slight changes in mineral chemistry


Impurities in the case of Allochromatic coloration


Imperfections in crystal structure in the case of Pseudochromatic coloration

· Streak

Color of a mineral in its powdered form


By powdering mineral we limit the affect of mineral impurites

Color is helpful in distinguishing different forms of the same mineral, as is the case with quartz

· Hardness
Resistance of a mineral to abrasion or scratching

The hardness of the mineral is due solely to the chemical bonding within the mineral

All minerals are compared to a standard scale called Mohs scale of hardness
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· Cleavage: The tendency to break along planes of weak bonding
Caused by the strength of bonds within the crystal structure 

Produces flat, shiny surfaces

Described by resulting geometric shapes

· Number of planes

· Angles between adjacent planes

· Fracture: Absence of cleavage when a mineral is broken

Described as either Irregular or Conchoidal


Conchoidal fracture- Smooth curved fractures

This property of some minerals has been exploited in the production of arrowheads and other stone tools.

· Specific Gravity

Ratio of the weight of a mineral to the weight of an equal volume of water

Average value is approximately 2.7

· Other properties

Magnetism

Reaction to hydrochloric acid

Malleability

Double refraction

Taste

Smell

Elasticity

Classification of Minerals

· Nearly 4000 minerals have been identified on Earth

Rock-forming minerals: Common minerals that make up most of the rocks of Earth’s crust

Only a few dozen members

Composed mainly of the 8 elements that make up over 98% of the continental crust

Silicates

46.6% of the earth’s crust is comprised of the element Oxygen and Silicon

As a result nearly 60% of all minerals are compounds that consist of Si and O combined with other abundant metals (Al, Na, K, Ca, Fe, Mg)
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Due to the high nuclear charge and the relatively small nuclear radius Silicon combines with four Oxygen to form the Silicon-Oxygen tetrahedron (SiO4).  This arrangement occurs due to forces from the electron cloud that surround each oxygen atom. This particular geometry can be described the VESPR theory.

Depending on the other elements present, the temperature and pressure the Silicon-Oxygen Tetrahedron may combine to form many different structures.

As individual tetrahedra combine with other elements they will arrange themselves in such a manner to ensure electrical neutrality as well as structural stability.

· Crystal Form

External expression of the orderly internal arrangement of atoms

Crystal growth is often interrupted because of competition for space and rapid loss of heat
*Do not confuse Crystal Form with Cleavage planes

Silicate Tetrahedra combine to form four main structures:

Isolated tetrahedra

· Example: Olivine

In the olivine structure individual tetrahedra are linked together by Fe and Mg ions.  (solid solution)

Single and double chain structures

Example: Pyroxene and Amphibole groups respectively
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Hardness of Some

Relative Scale Mineral Common Objects
Hardest 10 Diamond

9 Corundum

8 Topaz

7 Quartz

6 Potassium Feldspar

5 Apatite 5.5 Glass,

Pocketknife

4 Fluorite

3 Calcite 3 Copper Penny

2 Gypsum 2.5 Fingernail
Softest 1 Talc
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Single Chain
Double Chain

Sheet or layered structures

Example: Mica Group
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Complex 3-dimensional structures

Example: Feldspars

Nonsilicate minerals

· Several major groups exist including

Oxides


Many oxides mined for metal content. Example :Hematite

Sulfides

Sulfates

Native Elements 


Cu, Ag, Au

Carbonates





Primary constituents in limestone and dolostone

Calcite (calcium carbonate) and Dolomite (calcium-magnesium carbonate) are the two most important carbonate minerals

Halides


Also of economic importance. Halite (NaCl) is an example of a Halide

Phosphates
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