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ROCKS AND MINERALS 

 A rock is any solid mass of mineral, or 
mineral-like, matter that occurs 
naturally as part of our planet.  

 

 Most rocks, like the common rock 
granite, occur as aggregates of several 
different minerals.  

 

 The term aggregate implies that the 
minerals are joined in such a way that 
their individual properties are retained. 

 

 However, some rocks are composed 
almost entirely of one mineral. 

 

 A common example is the sedimentary 
rock limestone, which consists of 
impure masses of the mineral calcite. 



WHAT IS A MINERAL 

 A mineral is a naturally 
occurring, inorganic 
solid with a 
characteristic chemical 
composition and a 
crystalline structure.  

 

 Chemical composition 
and crystalline structure 
are the two most 
important properties of 
a mineral: They 
distinguish any mineral 
from all others. 

 

 



 Naturally occurring 

 
 Minerals form by natural, geologic processes. 

 

 Synthetic materials, meaning those produced in a laboratory or by human 
intervention, are not considered minerals. 

 

 Solid substance 
 

 Only solid crystalline substances are considered minerals.  

 

 Ice (frozen water) fits this criterion and is considered a mineral, whereas liquid 
water and water vapor do not.  

 

 The exception is mercury, which is found in its liquid form in nature. 

WHAT ARE MINERALS 



 Generally inorganic 

 

 Minerals do not contain compounds of organic carbon.  

 

 Organic carbon which is found in all living organisms bonds with hydrogen to form compounds.  

 

 Inorganic carbon is formed when carbon combines with elements other than hydrogen.  

 

 Thus coal is not a mineral because it contains organic carbon derived from plant remains. 

 

WHAT ARE MINERALS 

 Orderly crystalline structure 
 

 Minerals are crystalline substances, which means their atoms 
are arranged in an orderly, repetitive manner  

 

 This orderly packing of atoms is reflected in the regularly 
shaped objects called crystals.  

 

 To have a crystalline structure, a substance must be solid at at 
Earth’s surface temperature and not in the liquid or gaseous 
phase. 

 

 Some naturally occurring solids, such as volcanic glass 
(obsidian), lack a repetitive atomic structure and are not 
considered minerals. 

NaCl (Sodium Chloride) 

HALITE 



 Can be represented by a chemical formula 

 
 Most minerals are chemical compounds having compositions that can be expressed by a 

chemical formula.  

 
 For example, the common mineral quartz has the formula SiO2, which indicates that quartz 

consists of silicon (Si) and oxygen (O) atoms in a ratio of one-to-two. 

 
 This proportion of silicon to oxygen is true for any sample of pure quartz, regardless of its origin.  

 
 However, the compositions of some minerals vary within specific, well-defined limits.  

 
 This occurs because certain elements can substitute for others of similar size without changing 

the mineral’s internal structure. 

 
 An example is the mineral olivine in which either the element magnesium (Mg) or the element 

iron (Fe) may occupy the same site in the crystal structure.  

 
 Therefore, olivine’s formula, (Mg, Fe)2SiO4, expresses variability in the relative amounts of 

magnesium and iron. However, the ratio of magnesium plus iron to silicon (Si) and oxygen (O) 
remains fixed at 2:1:4. 

WHAT ARE MINERALS 



COMMON ELEMENTS 

 Most common minerals consist of a small number—usually two to five of 
different chemical elements 

 

 A total of 91 elements occur naturally in the Earth’s crust. However, eight 
elements make up more than 98 percent of the earth’s crust. These 
elements are 

 

 Oxygen,  

 Silicon,  

 Aluminum,  

 Iron,  

 Calcium,  

 Magnesium,  

 Potassium and   

 Sodium 

 



THE PERIODIC TABLE  

As of June 2011, the periodic table includes 118 chemical elements whose 

discoveries have been confirmed. Of these, 91 are regularly occurring primordial or 

recurrently produced elements found naturally on the Earth, 



ATOMS: BUILDING BLOCKS OF MINERALS 

 All matter, including minerals, is composed of 
minute building blocks called atoms—the smallest 
particles that cannot be chemically split.  

 

 Atoms, in turn contain even smaller particles—
protons and neutrons located in a central nucleus 
that is surrounded by electrons 

 

 ROCKS – MINERALS – ELEMNTS - ATOMS 

 



STRUCTURE OF AN ATOM 

 An atom is the basic unit of an element.  

 

 An atom is tiny; the diameter of the average 

atom is about 10ˉ10 meters.  

 

 An atom consists of a small, dense, positively 

charged center called a Nucleus . 

 

 The Nucleus contains dense particles with 

positive electric charge known as Protons . 

 

 and equally dense particles with neutral electric 

charges know as Neutrons. 

 

 The nucleus is surrounded by negatively 

charged Electrons. 

 

 An electron is a fundamental particle; it is not 

made up of smaller components. An electron 

orbits the nucleus, but not in a clearly defined 

path. 

 

 



ATOMIC MASS AND NUMBER 

 In its normal state an atom is electrically 
neutral as the number of protons(+ 
charge) is always equal to the number of 
electrons (- charge) 

 

 Atomic weight/mass of an atom is equal to 
the total number of Neutrons + Protons  

 

 Atomic Number of an atom is equal to its 
number of Proton or Electron. 



IONS 
 Electrons concentrate in spherical layers 

or shells  around the nucleus. 

 

 Each shell can hold a certain number of 
electrons. 

 

 An atom is completely stable when its 
outermost shell is completely fill with 
electrons.  

 

 However in their neutral states most 
atoms do not have a filled outer shell. 

 

 The atoms can loose or gain an electron to 
make its outer shell complete. 

 

 When an atom loses one or more 
electrons, its protons outnumber its 
electrons and it develops a positive 
charge.  

 

 If an atom gains one or more extra 
electrons, it becomes negatively charged.  

 

 A charged atom is called an Ion. 
 



IONS 

 A positively charged ion is a Cation. 
(Na+ ). 

 

 Atom with a negative charge is 
called Anion, (Cl- ). 

 

 Atoms and ions rarely exist 
independently. Instead, they unite 
to form Compounds. (NaCl). 

 

 The forces that hold atoms and 
ions together to form compounds 
are called chemical bonds. 

 

 



ELECTRON PATTERN FOR THE FIRST 20 

ELEMENTS 

Element Symbol 
Atomic 

Number 
Number of Electrons in Each shell 

First (2 is stable) Second (8 is stable) Third (8 is stable) Fourth (8 is stable) 
Hydrogen H 1 1       

Helium He 2 2       
Lithium Li 3 2 1     

Beryllium Be 4 2 2     
Boron B 5 2 3     

Carbon C 6 2 4     
Nitrogen N 7 2 5     
Oxygen O 8 2 6     
Fluorine F 9 2 7     

Neon Ne 10 2 8     
Sodium Na 11 2 8 1   

Magnesium Mg 12 2 8 2   
Aluminum Al 13 2 8 3   

Silicon Si 14 2 8 4   
Phosphorus P 15 2 8 5   

Sulfur S 16 2 8 6   
Chlorine Cl 17 2 8 7   

Argon Ar 18 2 8 8   
Potassium K 19 2 8 8 1 

Calcium Ca 20 2 8 8 2 



CHEMICAL BONDS 

 Four types of chemical bonds are found in 
minerals:  

 

1. Ionic,  

 

2. Covalent  

 

3. Metallic 

 

4. Van der Waals forces 

 



IONIC BONDS  

 Cations and anions are attracted 
by their opposite electronic 
charges and thus bond together.  

 

 This union is called an ionic bond.  

 

 An ionic compound (made up of 
two or more ions) is neutral 
because the positive and negative 
charges balance each other.  

 

 For example, when sodium and 
chlorine form an ionic bond, the 
sodium atom loses one electron to 
become a cation and chlorine 
gains one to become an anion. 

 

  When they combine, the +1 
charge balances the -1 charge 

 



COVALENT BONDS 

 Not all atoms combine by 
transferring electrons to form 
ions. 

 

 Other atoms share electrons. 

 

 A covalent bond develops 
when two or more atoms share 
their electrons to produce the 
effect of filled outer electron 
shells.  

 

 For example the gaseous 
elements Oxygen,O2; 
Hydrogen,H2 and Chlorine, Cl2 
exist as stable molecules 
consisting of two atoms 
bonded together by sharing 
their valence electrons 

 



IONIC AND COVALENT BONDS 



METALLIC BONDS 

 

 In a metallic bond, the outer electrons 
are loose; that is, they are not 
associated with particular atoms.  

 

 This arrangement allows the nuclei to 
pack together as closely as possible, 
resulting in the characteristic high 
density of metals and metallic minerals, 
such as pyrite. 

 

 Because the electrons are free to move 
through the entire crystal, metallic 
minerals are excellent conductors of 
electricity and heat. 

 

 



VAN DER WAALS FORCES 
 Weak electrical forces called van 

der Waals forces also bond 
molecules together. 

 

 These weak bonds result from an 
uneven distribution of electrons 
around individual molecules, so 
that one portion of a molecule 
may have a greater density of 
negative charge while another 
portion has a partial positive 
charge. 

 

 Because van der Waals forces are 
weak, minerals in which these 
bonds are important, such as talc 
and graphite, tend to be soft and 
cleave easily along planes of van 
der Waals bonds. 

GRAPHITE 



MATTER AND MINERALS 

 Most minerals are compounds. 

 

 When ions bond together to form a mineral, 

they do so in proportions so that the total 

number of negative charges exactly balances 

the total number of positive charges.  

 

 Thus, minerals are always electrically neutral. 

 

 

 



 The composition of a mineral can be 

expressed as a chemical formula, which is 

written by combining the symbols of the 

individual elements. 

 

Quartz (SiO2) Calcite (CaCO3) 

MATTER AND MINERALS 

http://upload.wikimedia.org/wikipedia/commons/1/14/Quartz,_Tibet.jpg


MATTER AND MINERALS 

 A few minerals, such as gold and silver, consist of only a 
single element. Their chemical formulas, respectively, are Au 
(the symbol for gold) and Ag (the symbol for silver).  

 

 Most minerals, however, are made up of two to five essential 
elements.  

 

 For example, the formula of quartz is SiO2: It consists of one 
atom of silicon (Si) for every two of oxygen (O). The chemical 
composition of Quartz is uniform throughout the universe 
and this is one of the main criteria for a substance to be 
called as a mineral. 

 



MATTER AND MINERALS 

 The 91 elements that occur naturally in 
the Earth’s crust can combine in many 
ways to form many different minerals. 

   

 However, the eight abundant elements 
commonly combine in only a few ways.  

 

 As a result, only nine rock forming 
minerals (or mineral “groups”) make up 
most rocks of the Earth’s crust.  

 

 They are  

1. Olivine,  

2. Pyroxene,  

3. Amphibole,  

4. Mica,  

5. Clays,  

6. Quartz,  

7. Feldspar,  

8. Calcite, and  

9. Dolomite. 



CRYSTALS 

 A crystal is any substance 
whose atoms are arranged 
in a regular, periodically 
repeated pattern. 

 

 All minerals are crystalline. 

  

 The mineral halite (common 
table salt) has the 
composition NaCl: one 
sodium ion (Na+) for every 
chlorine ion (Cl-). 

 



UNIT CELL 

 The sodium and chlorine ions 
alternate in orderly rows and 
columns intersecting at right 
angles.  

 

 This arrangement is the 
crystalline structure of halite.  

 

 In every crystal, a small group 
of atoms, like a single brick in 
a wall, repeats itself over and 
over. This small group of 
atoms is called a unit cell. 



CRYSTAL FACE 

 A crystal face is a planar 
surface that develops if a 
crystal grows freely in an 
uncrowded environment.  

 

 In nature, the growth of 
crystals is often impeded 
by adjacent minerals that 
are growing 
simultaneously or that 
have formed previously. 

 

  For this reason, minerals 
rarely show perfect 
development of crystal 
faces. 

 



PHYSICAL PROPERTIES OF MINERALS 

1. Crystal habit  

2. Cleavage 

3. Fracture 

4. Hardness 

5. Specific gravity  

6. Color 

7. Streak  

8. Luster 



CRYSTAL HABIT 

 Crystal habit is the characteristic 
shape of a mineral and the 
manner in which aggregates of 
crystals grow.  

 

 If a crystal grows freely, it 
develops a characteristic shape 
controlled by the arrangement of 
its atoms, as in the cubes of 
halite. Some minerals such as 
Quartz occur in more than 1 
different crystal habits. 

  

 When crystal growth is 
obstructed by other crystals, a 
mineral cannot develop its 
characteristic habit. They form 
interlocking texture because 
some crystals grew around 
others as the magma solidified. 
 



CLEAVAGE 

 Cleavage is the tendency of some 
minerals to break along flat surfaces. 

  

 The surfaces are planes of weak 
bonds in the crystal. Some minerals, 
such as mica and graphite, have one 
set of parallel cleavage planes. 
Others have two, three, or even four 
different sets.   

 

 Many minerals have no cleavage at 
all because they have no planes of 
weak bonds.  

 

 A flat surface created by a cleavage  
and a crystal face can appear 
identical as both are smooth and 
flat, however a cleavage plane is 
duplicated when the sample is 
broken whereas the crystal face is 
not. 

 



FRACTURE 

 Fracture is the pattern in 
which a mineral breaks other 
than along planes of cleavage. 

 

 Many minerals fracture into 
characteristic shapes.  

 

 Conchoidal fracture creates 
smooth, curved surfaces. It is 
characteristic of quartz and 
olivine.  

 

 Some minerals break into 
splintery or fibrous fragments. 

  

 Most fracture into irregular 
shapes. 

 

Conchoidal Fracture 

Splintery Fracture 

Jagged Fracture 

http://upload.wikimedia.org/wikipedia/commons/4/44/Cuivre_natif1_(USA).jpg


SPECIFIC GRAVITY 

 Specific gravity is the weight of a substance in air divided by 
the weight of an equal volume of water. 

  

 If a mineral weighs 2.5 times as much as an equal volume of 
water, its specific gravity is 2.5.  

 

 Most common minerals have specific gravities of about 2.7.  

 

 Metals have much greater specific gravities; for example, 
gold has the highest specific gravity of all minerals, 19.3. 
Lead is 11.3, silver is 10.5, and copper is 8.9. 



HARDNESS 

 Hardness is the resistance of a mineral to scratching.  

 

 It is easily measured and is a fundamental property of 
each mineral because it is controlled by bond strength 
between the atoms in the mineral. 

 

 Geologists commonly use a knife or other object of 
known hardness.  

 

 If the blade scratches the mineral, the mineral is softer 
than the knife. If the knife cannot scratch the mineral, 
the mineral is harder. 

 



 To measure hardness more 
accurately, geologists use a 
scale based on ten 
minerals, numbered 1 
through 10.  

 

 Each mineral is harder than 
those with lower numbers 
on the scale, so 10 
(diamond) is the hardest 
and 1 (talc) is the softest.  

 

 The scale is known as the 
Mohs hardness scale after 
F. Mohs, the Austrian 
mineralogist who 
developed it in the early 
nineteenth century. 

 

HARDNESS 



COLOR 

 Color is the most obvious 
property of a mineral, but it is 
commonly unreliable for 
identification.  

 

 Color would be a reliable 
identification tool if all minerals 
were pure and had perfect 
crystal structures.  

 

 However, both small amounts of 
chemical impurities and 
imperfections in crystal 
structure can dramatically alter 
color.  

 



STREAK 

 Streak is the color of a fine 
powder of a mineral.  

 

 It is observed by rubbing the 
mineral across a piece of 
unglazed porcelain known as a 
streak plate. 

 

  Many minerals leave a streak of 
powder with a diagnostic color 
on the plate.  

 

 Streak is commonly more 
reliable than the color of the 
mineral itself for identification. 

 



LUSTER 

 Luster is the manner in which 
a mineral reflects light.  

 

 A mineral with a metallic look, 
irrespective of color, has a 
metallic luster.  

 

 The luster of nonmetallic 
minerals is usually described 
by self-explanatory words such 
as glassy, pearly, earthy, and 
resinous. 

 



TYPES OF MINERALS 

 Although about 3500 minerals are known to exist in the Earth’s 
crust, only a small number — between 50 and 100 are important 
because they are common or valuable. These minerals can be 
grouped into 5 categories. They include 
 

 Rock Forming Minerals 

 

 Accessory minerals 

 

 Gem 

 

 Ore minerals 

 

 Industrial Minerals 



ROCK FORMING MINERALS 

 Rock Forming Minerals 
make up the bulk of most 
rocks in the Earth’s crust.  

 

 They are important to 
geologists simply because 
they are the most common 
minerals. They include  

 

1. olivine,  

2. pyroxene,  

3. amphibole,  

4. mica,  

5. the clay minerals,  

6. feldspar,  

7. quartz,  

8. Calcite and  

9. dolomite 

 

Olivine Pyroxene 

Amphibole 
Mica 

Clay 

minerals 
Quartz 

Feldspar 
Calcite Dolomite 

http://upload.wikimedia.org/wikipedia/commons/e/ee/Peridot2.jpg
http://upload.wikimedia.org/wikipedia/commons/b/b9/Mica-from-alstead.jpg
http://upload.wikimedia.org/wikipedia/commons/1/14/Quartz,_Tibet.jpg


ACCESSORY MINERALS 

 Accessory minerals 
are minerals that are 
common but usually 
are found only in 
small amounts.  

 

 Chlorite, garnet, 
hematite, limonite, 
magnetite, and pyrite 
are common 
accessory minerals. 

 

Garnet 

Chlorite 



GEMS 

 A gem is a mineral that is 
prized primarily for its beauty, 
although some gems, like 
diamonds, are also used 
industrially. 

 

 Depending on its value, a gem 
can be either precious or 
semiprecious. 

 

 Precious gems include 
diamond, emerald, ruby, and 
sapphire. Several varieties of 
quartz, including amethyst, 
agate, jasper, and tiger’s eye, 
are semiprecious gems. 

 

Diamond 

Ruby 

Sapphire 

Emerald 



ORE MINERALS 

 Ore minerals are minerals 
from which metals or other 
elements can be profitably 
recovered. A few, such as 
native gold and native silver, 
are composed of a single 
element.  

 

 However, most metals are 
chemically bonded to anions.  

 

 Copper, lead, and zinc are 
commonly bonded to sulfur to 
form the important ore 
minerals chalcopyrite, galena. 

 

Gold 

Silver 

Galena 

Pyrite 

Chalcopyrite 



ORE MINERALS 

 Argentite: Ag2S for production of 
silver  

 Barite: BaSO4  

 Bauxite Al2O3 for production of 
aluminium  

 Beryl: Be3Al2(SiO3)6  

 Bornite: Cu5FeS4  

 Cassiterite: SnO2  

 Chalcocite: Cu2S for production of 
copper  

 Chalcopyrite: CuFeS2  

 Chromite: (Fe, Mg)Cr2O4 for 
production of chromium  

 Cinnabar: HgS for production of 
mercury  

 Cobaltite: (Co, Fe)AsS  

 

 Columbite-Tantalite or Coltan: (Fe, 
Mn)(Nb, Ta)2O6  

 Galena: PbS  

 Gold: Au, typically associated with 
quartz or as placer deposits  

 Hematite: Fe2O3  

 Ilmenite: FeTiO3  

 Magnetite: Fe3O4  

 Molybdenite: MoS2  

 Pentlandite:(Fe, Ni)9S8  

 Pyrolusite:MnO2  

 Scheelite: CaWO4  

 Sphalerite: ZnS  

 Uraninite (pitchblende): UO2 for 
production of metallic uranium  

 Wolframite: (Fe, Mn)WO4  

 

http://en.wikipedia.org/wiki/Argentite
http://en.wikipedia.org/wiki/Silver
http://en.wikipedia.org/wiki/Barite
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http://en.wikipedia.org/wiki/Quartz
http://en.wikipedia.org/wiki/Placer_mining
http://en.wikipedia.org/wiki/Hematite
http://en.wikipedia.org/wiki/Ilmenite
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http://en.wikipedia.org/wiki/Pyrolusite
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http://en.wikipedia.org/wiki/Sphalerite
http://en.wikipedia.org/wiki/Uraninite
http://en.wikipedia.org/wiki/Uranium
http://en.wikipedia.org/wiki/Wolframite


INDUSTRIAL MINERALS 

 Industrial Minerals are industrially 
important, although they are not 
considered ore because they are 
mined for purposes other than the 
extraction of metals.  

 

 Halite is mined for table salt, and 
gypsum is mined as the raw 
material for plaster and 
sheetrock.  

 

 Apatite and other phosphorus 
minerals are sources of the 
phosphate fertilizers crucial to 
modern agriculture.  

 

 Many limestones are made up of 
nearly pure calcite and are mined 
as the raw material of cement. 

 

Halite 

Apatite 

Limestone 



MINERAL CLASSIFICATION 

 Minerals are classified according to their anions i.e. the negatively 
charged ions. 

 

 Anions can be either simple or complex. A simple anion is a single 
negatively charged ion, such as O2-.  

 

 Alternatively, two or more atoms can bond firmly together and acquire 
a negative charge to form a complex anion. Two common examples 
are the silicate, (SiO4)4-, and carbonate, (CO3)2-. 

 

 Each mineral group (except the native elements) is named for its 
anion. For example, the oxides all contain O2-, the silicates contain 
(SiO4)4-, and the carbonates contain (CO3)2-. 

 



MAJOR MINERAL GROUPS 



NATIVE ELEMENTS 

 

 About 20 elements occur naturally in 
their native states as minerals.  

 

 Fewer than ten, however, are common 
enough to be of economic importance.  

 

 Gold, silver, platinum, and copper are all 
mined in their pure forms.  

 

 Pure carbon occurs as both graphite and 
diamond.  

 

 The minerals have identical compositions 
but different crystalline structures and 
are called polymorphs.  

 

 Graphite is one of the softest minerals 
and is opaque and an electrical 
conductor.  

 

 Diamond, the hardest mineral known, is 
transparent and an electrical insulator. 

 

Diamond 

Sulfur 

Gold 

Platinum 

Copper 

http://www.galleries.com/minerals/elements/sulfur/sulfur.htm
http://www.galleries.com/minerals/elements/copper/copper.htm
http://www.galleries.com/minerals/elements/gold/gold.htm
http://www.galleries.com/minerals/elements/platinum/platinum.htm


OXIDES 

  

 The oxides are a large group of 
minerals in which oxygen is 
combined with one or more metals.  

 

 Oxide minerals are the most 
important ores of iron, manganese, 
tin, chromium, uranium, titanium, 
and several other industrial metals. 

  

 Hematite (iron oxide, Fe2O3) occurs 
widely in many types of rocks and is 
the most abundant ore of iron. 

 

  Magnetite (Fe3O4), a naturally 
magnetic iron oxide, is another ore 
of iron.  

 

Magnetite 

Haematite 

Rutile 



SULFIDES 

 Sulfide minerals consist of sulfur 
combined with one or more 
metals.  

 

 Many sulfides are extremely 
important ore minerals.  

 

 They are the world’s major sources 
of copper, lead, zinc, molybdenum, 
silver, cobalt, mercury, nickel, and 
several other metals.  

 

 The most common sulfides are 
pyrite (FeS2), chalcopyrite 
(CuFeS2), galena (PbS), and 
sphalerite (ZnS). 

 

Pyrite 

Chalcopyrite 

Galena 

Sphalerite 

http://en.wikipedia.org/wiki/File:Calcite-Galena-elm56c.jpg


SULFATES 

 The sulfate minerals contain 
the sulfate complex anion 
(SO4)2-.  

 

 Gypsum (CaSO4. 2H2O) and 
anhydrite (CaSO4) are two 
important industrial sulfates 
used to manufacture plaster 
and sheetrock.  

 

 Both form by evaporation of 
seawater or salty lake water. 

 

Gypsum 

Anhydrite 



PHOSPHATES 

 Phosphate minerals contain the complex anion (PO4)3-

.  

 Apatite, Ca5 (F,Cl,OH)(PO4)3-, is the substance that 

makes up both teeth and bones. Phosphate is an 

essential fertilizer in modern agriculture.  

 

Apatite 



CARBONATES 

 The complex carbonate 
anion (CO3)2- is the basis 
of two common rock-
forming minerals, calcite 
(CaCO3) and dolomite 
[CaMg(CO3)2]. 

 

 Limestone is mined as a 
raw ingredient of cement. 

 

  Aragonite is a polymorph 
of calcite that makes up 
the shells of many marine 
animals. 

 

Limestone 

Dolomite 

Aragonite 



COMMON NON SILICATES 



SILICATES 

 

 The silicate minerals contain the 
(SiO4)4- complex anion. Silicates 
make up about 95 percent of the 
Earth’s crust.  

 

 They are abundant for two reasons.  

 First, silicon and oxygen are the two 
most abundant elements in the crust.  

 Second, silicon and oxygen combine 
readily. 

 

 

 

 



SILICATE MINERALS 

 Every silicon atom surrounds itself with four 
oxygens. The bonds between each silicon and its 
four oxygens are very strong.  

 

 The silicon atom and its four oxygens form a 
pyramid-shaped structure called the silicate 
tetrahedron with silicon in the center and oxygens 
at the four corners.  

 

 The silicate tetrahedron has a 4- charge and forms 
the (SiO4)4- complex anion. The silicate tetrahedron 
is the fundamental building block of all silicate 
minerals. 

 

 To make silicate minerals electrically neutral, other 
cations must combine with the silicate tetrahedra 
to balance their negative charges.  

 

 Silicate tetrahedra commonly link together by 
sharing oxygens. Thus, two tetrahedra may share a 
single oxygen, bonding the tetrahedra together. 

 



ROCK FORMING SILICATE MINERALS 

 The rock-forming 
silicates (and most 
other silicate minerals) 
fall into five classes, 
based on five ways in 
which tetrahedra 
share oxygens.  

 

 Each class contains at 
least one of the rock-
forming mineral 
groups. 

 

http://www.a-m.de/englisch/lexikon/mineral/inselsilicate.htm
http://www.a-m.de/englisch/lexikon/mineral/kettensilicate.htm
http://www.a-m.de/englisch/lexikon/mineral/kettensilicate.htm
http://www.a-m.de/englisch/lexikon/mineral/schichtsilicate.htm
http://www.a-m.de/englisch/lexikon/mineral/geruestsilicate.htm


SILICATE MINERALS 

 In independent tetrahedra silicates, adjacent tetrahedral 

do not share oxygens.  

 

 Olivine is an independent tetrahedra mineral that occurs in 

small quantities in basalt of both continental and oceanic 

crust . 

  

 Mantle is composed mainly of Olivine and Pyroxenes 

 

 

 In the single-chain silicates, each tetrahedron links to two 

others by sharing oxygens, forming a continuous chain of 

tetrahedral.  

 

 The pyroxenes are a group of similar minerals with single 

chain structures.  

 

 Pyroxenes are a major component of both oceanic crust 

and the mantle and are also abundant in some continental 

rocks. 

 



SILICATE STRUCTURE 

 The double-chain silicates 
consist of two single chains 
crosslinked by the sharing of 
additional oxygens between 
them. 

 

 The amphiboles are a group 
of double-chain silicates 
with similar properties. They 
occur commonly in many 
continental rocks.  

 



SILICATE MINERALS 

 In the sheet silicates, each tetrahedron shares 
oxygens with three others in the same plane, 
forming a continuous sheet. 

  

 All of the atoms within each sheet are strongly 
bonded, but each sheet is only weakly bonded 
to those above and below. Therefore, sheet 
silicates have excellent cleavage. 

 

 The micas are sheet silicates and typically grow 
as plate-shaped crystals, with flat surfaces. 

 

 Mica is common in continental rocks.  

 

 The clay minerals are similar to mica in 
structure, composition, and platy habit.  

 

 Clay minerals are abundant near the Earth’s 
surface and are an important component of 
soil and of sedimentary rocks. 

 



SILICATE MINERALS 

 In the framework silicates, each 
tetrahedron shares all four of its oxygens 
with adjacent tetrahedral. 

  

 Because tetrahedra share oxygens in all 
directions, minerals with the framework 
structure tend to grow blocky crystals that 
have similar dimensions in all directions.  

 

 Feldspar and Quartz have framework 
structures.  

 

 Feldspars make up more than 50 percent 
of the earth’s crust.  

 

 Quartz is the only common silicate mineral 
that contains no cations other than silicon; 
it is pure SiO2 

 




