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Minerals: Building 
blocks of rocks

Definition of a mineral:
• Naturally occurr ing
• Inorganic solid

• Ordered internal molecular  structure
• Definite chemical composition

Definition of a rock:
• A solid aggregate or  mass of minerals



Composition of minerals

Elements
· Basic building blocks of minerals
· Over  100 are known (92 naturally occurr ing)

Atoms
· Smallest par ticles of matter
· Retains all the character istics of an element



The periodic table 

Fig u r e 2 .4



Composition of minerals

Atomic structure
· Central region called the nucleus

ŒConsists of protons (positive charges) and 
neutrons (neutral charges)

· Electrons
ŒNegatively charged par ticles that sur round 

the nucleus
ŒLocated in discrete energy levels called shells



Idealized structure 
of an atom

Fig u r e 2 .5  A



Composition of minerals

Chemical bonding
· Formation of a compound by combining 

two or  more elements

Ionic bonding
· Atoms gain or  lose outermost (valence) 

electrons to form ions

· Ionic compounds consist of an order ly 
ar rangement of oppositely charged ions



Halite (NaCl) – An example 
of  ionic bonding

Fig u r e 2 .7  B



Composition of minerals

Covalent bonding
· Atoms share electrons to achieve electr ical 

neutrality
· Covalent compounds are generally 

stronger  than ionic bonds 
· Both ionic and covalent bonds typically 

occur  in the same compound (bonds are 
seldom 100% ionic or  covalent in 
character)



Covalent bonding – sharing   
of valence electrons

Fig u r e 2 .8



Composition of minerals

Other  types of bonding
· Metallic bonding

ŒValence electrons are free to migrate among 
atoms

ŒWeaker  and less common than ionic or  
covalent bonds



Composition of minerals

Isotopes and radioactive decay
· Mass number is the sum of neutrons plus 

protons in an atom

· An isotope is an atom that exhibits 
var iation in its mass number

· Some isotopes have unstable nuclei that 
emit par ticles and energy in a process 
known as radioactive decay



Structure of minerals

Minerals consist of an order ly ar ray of 
atoms chemically bonded to form a 
par ticular  crystalline structure
For  ionic compounds, the internal atomic 
ar rangement is pr imar ily determined by 
the size of ions involved



Structure of minerals

Polymorphs
· Two or  more minerals with the same 

chemical composition but different 
crystalline structures

· Diamond and graphite are good examples 
of polymorphs

ŒThe transformation of one polymorph to 
another  is called a phase change



Diamond and graphite –
polymorphs of carbon
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Physical properties of minerals

Crystal Form
· External expression of the order ly 

internal ar rangement of atoms

· Crystal growth is often inter rupted 
because of competition for  space and 
rapid loss of heat



The mineral quar tz often 
exhibits good crystal form
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Physical properties of minerals

Luster
· Appearance of a mineral in reflected light
· Two basic categor ies

ŒMetallic
ŒNonmetallic

· Other  terms are used to fur ther  descr ibe 
luster  such as vitreous, silky, or  ear thy



Pyrite (fool’s gold) displays    
metallic luster

Copyr ight © 2006 Pearson Prentice Hall, Inc.



Physical properties of minerals

Color
· Generally an unreliable diagnostic 

proper ty to use for  mineral identification

· Often highly var iable for  a given mineral 
due to slight changes in mineral chemistry

· Exotic colorations of some minerals 
produce gemstones



Quartz (SiO2) exhibits 
a variety of colors

Fig u r e 2 .2 1



Physical properties of minerals

Streak
· Color  of a mineral in its powdered form
· Helpful in distinguishing different forms 

of the same mineral

Hardness
· Resistance of a mineral to abrasion or  

scratching
· All minerals are compared to a standard 

scale called the Mohs scale of hardness



Streak – the color of 
a powdered mineral

Fig u r e 2 .1 0



Moh s 
scale o f

h ar d n ess

Fig u r e 2 .1 1  A



Physical properties of minerals

Cleavage
· Tendency to break along planes of weak 

bonding

· Produces flat, shiny sur faces
· Descr ibed by resulting geometr ic shapes

ŒNumber  of planes
ŒAngles between adjacent planes



Com m on  
cleav ag e

d i r ect ion s
Fig u r e 2 .1 3



Three examples of perfect 
cleavage – fluorite, halite, 

and calcite
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Physical properties of minerals

Fracture
· Absence of cleavage when a mineral is 

broken

Specific Gravity
· Ratio of the weight of a mineral to the 

weight of an equal volume of water

· Average value is approximately 2.7



Conchoidal fracture

Fig u r e 2 .1 4



Physical properties of minerals

Other  proper ties
· Magnetism
· Reaction to hydrochlor ic acid
· Malleability
· Double refraction
· Taste
· Smell
· Elasticity



Classification of Minerals

Near ly 4000 minerals have been identi-
fied on Ear th
Rock-forming minerals

· Common minerals that make up most of 
the rocks of Ear th’s crust

· Only a few dozen members
· Composed mainly of the 8 elements that 

make up over  98% of the continental 
crust



Elemental abundances
in continental crust

Fig u r e 2 .1 5



Classification of Minerals

Silicates
· Most impor tant mineral group

ŒCompr ise most of the rock-forming minerals
ŒVery abundant due to large amounts of 

silicon and oxygen in Ear th’s crust

· Basic building block is the silicon-oxygen 
tetrahedron molecule

ŒFour  oxygen ions surrounding a much 
smaller  silicon ion



Tw o 
i l lu st r a t ion s

o f  t h e
Si– O

t et r ah ed r on
Fig u r e 2 .1 6



Classification of Minerals

Silicate structures
· Single tetrahedra are linked together  to 

form var ious structures including
ŒIsolated tetrahedra
ŒRing structures
ŒSingle and double chain structures
ŒSheet or  layered structures
ŒComplex 3-dimensional structures



Classification of Minerals

Common Silicate minerals
· Olivine

ŒHigh temperature Fe-Mg silicate
ŒIndividual tetrahedra linked together  by iron 

and magnesium ions
ŒForms small, rounded crystals with no 

cleavage



Classification of Minerals

Common Silicate minerals
· Pyroxene Group

ŒSingle chain structures involving iron and 
magnesium

ŒTwo distinctive cleavages at near ly 90 degrees
ŒAugite is the most common mineral in the 

pyroxene group



Classification of Minerals

Common Silicate minerals
· Amphibole Group

ŒDouble chain structures involving a var iety of 
ions

ŒTwo per fect cleavages exhibiting angles of 
124 and 56 degrees

ŒHornblende is the most common mineral in 
the amphibole group



Hornblende crystals
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Classification of Minerals

Common Silicate minerals
· Mica Group

ŒSheet structures that result in one direction of 
per fect cleavage

ŒBiotite is the common dark colored mica 
mineral

ŒMuscovite is the common light colored mica 
mineral 



Classification of Minerals

Common Silicate minerals
· Feldspar  Group

ŒMost common mineral group
Œ3-dimensional framework of tetrahedra 

exhibit two directions of per fect cleavage at 
90 degrees

ŒOrthoclase (potassium feldspar) and 
Plagioclase (sodium and calcium feldspar) are 
the two most common members



Potassium feldspar

Fig u r e 2 .1 9  F
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Plagioclase feldspar

Fig u r e 2 .2 0



Classification of Minerals

Common Silicate minerals
· Clay minerals

ŒClay is a general term used to descr ibe a 
var iety of complex minerals

ŒClay minerals all have a sheet or  layered 
structure

ŒMost or iginate as products of chemical 
weather ing



Classification of Minerals

Impor tant nonsilicate minerals
· Several major  groups exist including

ŒOxides
ŒSulfides
ŒSulfates
ŒNative Elements
ŒCarbonates
ŒHalides
ŒPhosphates



Classification of Minerals

Impor tant nonsilicate minerals
· Carbonates

ŒPrimary constituents in limestone and 
dolostone

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



Classification of Minerals

Impor tant nonsilicate minerals
· Many nonsilicate minerals have economic 

value
· Examples

ŒHematite (oxide mined for  iron ore)
ŒHalite (halide mined for  salt)
ŒSphaler ite (sulfide mined for  zinc ore)
ŒNative Copper (native element mined for  

copper)



Native Copper

Copyr ight © 2006 Pearson Prentice Hall, Inc.



Mineral resources

The endowment of useful minerals 
ultimately available commercially

· Mineral resources include
ŒReserves – already identified deposits
ŒKnown deposits that are not yet economically 

or  technologically recoverable



Mineral resources

Ore
A useful metallic mineral that can be mined 
at a profit

Must be concentrated above its average 
crustal abundance
Profitability may change because of 
economic changes



End of Chapter 2


