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All matter is composed of chemical elements, 

which are themselves composed of atoms

The 
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Atoms consist of a 

nucleus, of protons and 

neutrons, and electrons 

that circle the nucleus. 

www.montessorimuddle.org/wp-content/uploads/2012/02/Oxygen-shells.png

(+) (-)





The fours states of matter include

gas

liquid

solid

plasma

Fills volume and shape of container

Fills shape of container but has a free 

surface and a fixed volume

Holds shape with a fixed volume

Heating a gas may ionize its molecules or atoms 

(reducing or increasing the number of electrons in 

them), thus turning it into an electrically-charged gas 

that can be influenced by a magnetic field. It may 

form structures such as filaments, beams, and bolts



Elements are defined on the basis of the number 

of protons in the nucleus  (i.e., the atomic number). 

Isotopes are atoms that can have a variable number of neutrons

Another characteristic of an atom is its atomic mass, the sum of the 

numbers of protons and neutrons in the nucleus.



There is a systematic manner in the way that orbitals are filled. 

Hund's rule states that each p orbital must receive one electron before any 

p orbital can receive a second filling electron. You could think of this as the 

good mother rule -- Everybody gets one before anybody gets seconds.

Element 26 Iron (Fe)
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The Periodic Table of Elements Noble 

gases

P-BLOCK

D-BLOCK

S-BLOCK

F-BLOCK



The Noble gases, except for helium, have a filled outer-electron shell and do not 

readily react with other elements to form compounds (inert). 

Interactions between atoms that are reactive tend to produce electron configurations 

like most of the noble gases, having 8 electrons in their outer-electron shell



Atoms are joined to one another by forces known as bonding. 

• Atoms of different elements which are bonded to one another form compounds. 

gaseous oxygen consists of only 

oxygen atoms and is thus an  

element

Quartz consists of bonded 

silicon and oxygen atoms 

and is a compound

• Mineral compounds most commonly are formed by ionic and covalent bonds. 

Ionic bonding involves electron transfer covalent bonding involves overlapping of 

the outermost-electron shell



Metallic and van der Waals bonds occur in a few minerals.

The electrons of the outermost 

shell of metals such as gold, silver, 

and copper move about from one 

atom to another, thereby providing 

metallic luster, electrical and 

thermal conductivity, and the 

ability to be easily reshaped

Metallic bonding Van der Waals bonding

Electrically-neutral atoms and 

molecules that have a weak 

(residual) attractive force.

graphite



• Crystalline solids have an orderly atomic structure arranged a 3-dimensional 

framework.

• Crystals are crystalline solids with geometric shapes, including planar faces 

(crystal faces), sharp corners, and straight edges

• Most minerals are compounds, but a few are composed of a single element and 

are known as native elements .  

gold                                    silver                               copper                    diamond



Some minerals can have chemical compositions which vary within limits.
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Electrical charges and relative sizes of ions common in minerals

Larnite

Variable compositions result from the substitution of 

the atoms of one element for that of another. 

Substitution can occur if the electrical charge is balanced 

somewhere within the structure, and if the substituting 

element(s) have atoms with radii approximately equal to 

that of the element which has been replaced.



• A few minerals are common enough to be known as rock-forming 

minerals. 

• Although there are 9 groups of rock-forming minerals, most of 

them are silicates, commonly derived from the cooling of magma, 

but some carbonates are also abundant and important, especially 

in sedimentary rocks.  

www.allaboutgemstones.com/mineral_classification.html



Most of the more than 3,500 known minerals are silicates 

• Silicon  - the element

• Silica - silicon and oxygen form the 

compound quartz.

• Silicates are compounds of silicon 

and oxygen, and other elements.

• The basic building block of silicates is the 

tetrahedron, a negatively charged radical.

• Radicals typically have a negative or 

positive (ionic) charge resulting from 

unpaired protons and electrons, and are 

reactive with other atoms and molecules, or 

ions of opposite charge.



Silicate-mineral groups

tectosilicates

phyllosilicates

inosilicates



• Ferromagnesian silicates contain iron 

(ferro = Fe) and/or magnesium (Mg) 

and tend to be dark and more dense. 

• Nonferromagnesian silicates lack Fe 

and Mg and tend to be light and less 

dense

Silicate-mineral groups



Other common mineral groups containing negatively charged radicals include:

• Carbonates (CO3)-2

•Sulfates (SO4)-2

•Phosphates (PO4)-3

Calcite (CaCO3) is the main constituent in 

the sedimentary rock limestone

Gypsum (CaSO4 . H4O) is a main 

constituent in drywall

Turquoise    CuAl6(PO4)4(OH)8·5H2O 

derived from the shells and hard parts of marine organisms or are precipitated 

as seawater evaporates

derived from hydrothermal activity or 

are precipitated as saline-water 

evaporates

derived from hydrothermal 

activity and igneous processes



Other common mineral groups include:

• Oxides - Elements combine with oxygen(O-2)

• Sulfides - Elements combine with sulfur (S-2) 

• Halides - Elements combine with fluorine (F-1)and chlorine (Cl-1)

• Native elements - for example, gold, silver, copper, and diamonds

• Mineraloids – minerals lacking crystalline structure

Magnetite (Fe3O4)

Galena (PbS)

Halite (CaCl)

Opal (amorphous form of silica)



Mineral Polymorphs - Minerals with the same chemical composition but different structure

For example, diamond and graphite – the softest and hardest minerals, both made of Carbon!



• Not all crystalline solids form crystals because they may grow in proximity to 

other crystalline solids and form interlocking mosaics where crystal form 

is difficult to see.

• Xray beams and transmitted light passing through crystalline solids behaves 

predictably and is therefore commonly used for mineral identification

X-ray diffraction

Transmitted and polarized light 

through a rock ‘thin section’

Euhedral until 

crowded



Mineral properties used for identification of crystalline solids

• Color – determined by the manner in which light is transmitted and absorbed

• Luster – the way a mineral surface reflects or scatters light

• Streak – resultant color from scratching ceramic plate

• Habit or crystal form – external shape determined by the internal atomic structure,

including the flat surfaces called faces or facets

• Cleavage or fracture – having or lacking internal planes of relative structural 

weakness, determined by crystal form, and resulting in the tendency to break 

or not break along preferred directions

• Hardness – relative scale from very soft (1) to very hard (10)

• Reaction to dilute HCL – helpful in identifying many carbonate rocks (limestone)

• Magnetism - helpful for identifying some iron oxides (magnetite and ilmentite)

• Specific gravity – how heavy is it compared to water?



Color – based on how sunlight is transmitted and absorbed

Luster – the way a mineral surface scatters light

Streak – scratch color on ceramic plate

Mineral properties used for identification of crystalline solids



There are 7 basic crystal systems

Mineral properties used for identification of crystalline solids

Each crystal system consists of a set of three crystallographic axes (a, b, and c) in a particular geometrical arrangement.

The c-axis is the long axis, if there is one, and axes can either be perpendicular or not.

Decreasing symmetry

www.allaboutgemstones.com/crystalline_structures.html



Mineral properties used for identification of crystalline solids

www.allaboutgemstones.com/crystal_forms.html

Besides the 7 crystal systems, there are 17 or 18 open crystal forms  

and 30 closed forms, resulting in a total of 48 special crystal forms

open closed

Crystal form



Mineral properties used for identification of crystalline solids

www.allaboutgemstones.com/crystal_habit.html

Crystal habit



Mineral properties used for identification of crystalline solids

Halite (Cubic)

Ed  Degginger & Bruce Coleman Breck P. Kent

Quartz (Amethyst)

b. Subhedral

c. Anhedral

Quartz (Hexagonal)

Sulfur

a. Euhedral



Mineral properties used for identification of crystalline solids

Cleavage – breaking or splitting along smooth planes controlled by the crystalline structure

Fracture – breaking or splitting along uneven, curved surfaces, 

common in substances lacking crystal structure

Conchoidal fracturing in obsidian (volcanic glass)



Mineral properties used for identification of crystalline solids

Cleavage – breaking or splitting along smooth planes controlled by the crystalline structure

Three examples of perfect cleavage – fluorite, halite, and calcite



Fluorescence – glows under UV light

Effervescence – fizzes with HCl acid

Magnetism – only certain iron-oxides

Mineral properties used for identification of crystalline solids



Hardness

Moh’s scale of  1 (least) to 10 (most)

Mineral properties used for 

identification of crystalline solids



The 5 most common rock-forming minerals

1. Feldspar   KAlSi3O8 – NaAlSi3O8 – CaAl2Si2O8

• Group of rock-forming tectosilicate minerals which make up as much as 60% of the Earth's crust. 

•Two cleavage directions at 900. 

•Hardnesss  of 6 – 6.5.

•Will not scratch glass or quartz.

•Microcline and orthoclase

•Not usually clear.  

•Often salmon pink or white and milky in appearance.  

•Can also be aqua blue. 

•Can have wavy stripes of similar color that go through the mineral.

Alkali feldspars (K,Na)AlSi3O8

Plagioclase feldspars (Na,Ca)AlSi3O8

•Albite to Anorthite solid-solution series

•Individual crystals a range of colors between white and dark gray. 

•Exhibits striations

•Can have wavy stripes of similar color that go through the mineral.

www.earthguide.ucsd.edu/mystery_detectives/media/flash/minerals_igneous/minerals_igneous.swf



2. Quartz    SiO2   Hardness of 7 and a variety of colors and forms

The 5 most common rock-forming minerals

•Hard, durable, relatively 
inert, and no cleavage (but a 
great conchoidal fracture)

•Commonly transparent to 
translucent

• The last mineral to form in a 
felsic (granitic) rock, and can 
generally be found filling in 
between all of the other 
minerals. 

• When allowed to cool and 
crystallize in open space, it 
commonly forms 6-sided 
(hexagonal) crystals which are 
highly prized and sought after 
by many people for a variety 
of natural (and super-natural) 
uses. 

•Will scratch glass and 
feldspars.

Cryptocrystalline          opal, chert, agate, chalcedony, jasper



3. Micas    Hardness of 2.5 – 3.0

The 5 most common rock-forming minerals

side viewtop view

Cleaves where inter-layer 

cations reside between 

aluminum-hydroxide sheets

X2Y4–6Z8O20(OH,F)4 
K, Na, Ca and 

less Ba, Rb, or
Al, Mg and less 

Mn, Cr, Ti, Li, etc

Si or Al and 

less Fe3+ or Ti

• Sheet silicates (phyllosilicate) having close to perfect 

basal cleavage as a result of the hexagonal, sheet-like 

arrangement of its atoms.

•Monoclinic, with a tendency towards pseudohexagonal 

crystals

•Similar in chemical composition. 

•Two common forms;  Muscovite and Biotite (ferromagnesium)



4. Amphiboles  Hardness of 5.0 – 6.0

The 5 most common rock-forming minerals

orthorhombic and             monoclinic series

Mgn,Fen,Aln, Lin - Si8O22(OH)2

Can,Nan,Mgn,Fen,Aln, - Si6AL3O22(OH)2

Can,Nan,Mgn,Fen,Aln, - Si8O22(OH)2

Hornblende Actinolite

• Black shiny elongate crystals with cleavage.  

• Difficult to tell from pyroxene.



5. Pyroxenes   Hardness of 5.0 – 6.5

The 5 most common rock-forming minerals

• Dark green to grayish bronze crystals with cleavage.  

• Difficult to tell from amphibole

• Orthorhombic and monoclinic series

Augite Diopside
Hypersthene 

(Bronzite)



How are they formed?



Mineral reserves are concentrations of mineral resources

that can be economically extracted. 









Environmental impacts from mining minerals



Environmental impacts from mining minerals

Acidic-water run-off and drainage from mining operations



Environmental impacts from mining minerals

Acidic-water run-off and drainage from mining operations



Socioeconomic  impacts from mining minerals



During After

Mine reclamation projects



Resources

http://earthguide.ucsd.edu/mystery_detectives/media/flash/minerals_igneous/minerals_igneous.swf


