


MINERALS 



I.  What is a Mineral? 
ÅAn Earth material must meet several criteria in 

order to called a mineral. 

ÅñMineralsò listed as nutritional components of 
food  
ïhave nothing to do with what geologists or chemists 

consider when they refer to minerals. 



The ñmineralsò referred to by 

nutritionists . . . 

ÅAre single elements such as 
calcium or magnesium 
ïHave dietary benefits 

ÅProcessing of ñtrueò minerals 
yields these ingredients. 

ÅMost ñgeologicalò minerals 
are complex assemblages of 
multiple elements. 



To the geologist, a mineral . . . 

A. Occurs _____________, 

 This means that any synthetic material is not 

considered to be a mineral 

Fluorite 

naturally 



To the geologist, a mineralé 

B. is a ________, 

Å  Anything in the liquid or gas phase of 

matter 

Å is not a mineral. 

solid 

Solid

  
liquid 

gas 

X X 



To the geologist, a mineral . . . 
C. is ________________________ 

Å They donôt consist of carbon-hydrogen molecules that also 

form crystalline substances through biological processes (such 

as sugars). 

Å Processes involving plants, animals, and other organisms donôt 

produce minerals. 

 

 

inorganically formed 



To the geologist, a mineral . . . 

ÅSome organisms build shells or hard parts that are 
considered minerals. 
ïShells and the hard parts produced by corals are composed of the 

mineral calcite. 

ïChalk is made of microscopic platelets produced by yellow-green 
algae. 

Chalk Coral 
Calcite 

Shells 



To the geologist, a mineralé 
D. Has definite _________________________ 

Å Its elements are combined in definite 
proportions that can be expressed as a 
chemical formula 

Å The formula can be very simple as in native 
sulfur (S8) 

chemical composition 
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Or more complex as in 

muscovite mica 

ÅWhich has a formula of KAl12(AlSi)3O10(OH)2. 



To the geologist, a mineralé 

E. has atoms arranged in an ______________________, and 

 Minerals are made of crystals. 

orderly pattern 
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To the geologist, a mineralé 

F. has _________ properties such as color, hardness, shape, 

how it reflects light 

 Â  determined by composition and crystalline structure 

 Â  useful in identification 

physical 

Streak plate 

Glass plate 
Penny 

Steel Nail 

Magnet 



 



II.  Mineral Chemistry 



A. Chemical Activity 
1. Elements and Atoms 

a. _____________:  A substance that cannot be 
broken into simpler substances by ordinary 
chemical means. 

Element 



b. ______ 

ÅSmallest particles of an 

element that can enter a 

chemical reaction 

ÅThe smallest chemically                      

indivisible particle of an 

element. 

 

Atom 



2.  The Traditional Model of an Atom 

a.  Central nucleus containing __________ and 

______________. 
protons 

neutrons 



b. Developed by Danish physicist Niels Bohr 

in 1913 

ÅReferred to as the ñBohr 

Modelò of the atom. 



c. Electrons are in ________ 
i. Called shells 

ii. Are specific distances 

from the nucleus. 

orbits 



3. The Modern Model of the Atom 

(______________ Model) 

a. Electrons are in a cloud-like region around the nucleus 

b. The shells are referred to as _________. 
i. Three-dimensional regions around the nucleus. 

ii. Each can hold a different number of electrons and has a 
different shape. 

iii. Most stable if the outermost shell has _____ electrons. 

 

Electron Cloud 

orbitals 

8 



Æ  Nobel Gases 
ÅHave 8 electrons and are inert (unreactive) 



4. The Size of the Atom 

a. An atom of iron is about 

25 ten-millionths of a 

meter in diameter 

- Most of its volume is 

empty space. 

b. Its nucleus has a 

diameter of about one-

hundred-thousandths of 

the diameter of the 

space in which its 

electrons move. 



Sizes of Most Common Ions in Minerals 

ÅSizes are in angstroms. 

ïOne angstrom = 1.0 x 10-8 cm 

    (one hundred millionth of a cm) 

Å Ions close in size are in the 

same row. 

ÅSimilar sized ions can replace 

one another in a crystal 

structure. 



5.  Subatomic Particles 

a. ____________: Positively charged an equal to the unit 
charge of the electron.  - - Protons are 1836 times 
heavier than electrons. 

 

b. ____________: Electrically neutral and equal in mass 
to the proton. 

 

c. _________________: The number protons contained 
in the nucleus and identifies the atom. 

 

d. __________________:  Sum of an atomôs protons and 
neutrons. 

 

Protons 

Neutrons 

Atomic Number 

Mass Number 



Plotting Information around 

the chemical symbol 
On the Periodic 

Table of Elements: 



The Mass of an Atom 
ÅMeasured using a mass spectrometer 

ÅStandard Mass is determined using 

ïA neutral atom of carbon = (1.99 X 10-27 kg) 

ïThis number is set at exactly 12 (atomic) mass units (6P+6N) 

ï1 atomic mass unit (amu)  = 1/12 of this mass (which is 
1.66 X 10-26 kg.) 

ÅSo, the amu is based on the mass in grams of 
Carbon, therefore é. 
ïAll atomic masses for other minerals are set to this value 
ÅOnly carbon-12 has a mass in amu that is exactly the same as its 

mass number (# protons + # neutrons). 

ÅFor other atoms, it is not precisely the same as the mass of one 
proton and one neutron.  For example . . . 

ï35Cl has a mass of 34.969 amu 

ï37Cl has a mass of 36.966 amu 



e. ____________: Atoms of the same 

element with the same number of 

protons but different numbers of 

neutrons. 

 

Isotopes 



Isotopes of Oxygen 



f.  _____________:  The average 

number of  protons and neutrons in 

an atom 

i. Also called atomic ___________. 

ii. Given in ____________________(amu) 

iii. Also considers the ______________________ of each 
isotope. 

Example using chlorine:   

 Â Of the two isotopes of Cl,  

  ~75% (75.53%) are the lighter isotope 35Cl 

  ~25% (24.47%) are 37Cl 

 Â Finding the atomic mass 

  (34.969 amu x .7553) + (36.966 amu x .2447) =  

   

     35.45 amu 

  

Atomic Mass 

fractional abundance 

atomic mass units 

weight 



6. ____:  A charged atom 

a. Atoms that gain electrons are ____________charged. 

b. Atoms that lose electrons are ____________ charged. 

Ion 

negatively 

positively 



7. _______________ 

a. A substance consisting of _____ or more 
__________ chemically combined. 

b. A compound has new properties unlike 
those of the elements of which it is 
composed. 

c. When atoms combine they will do so: 

  i. in a manner that achieves 
__________electrons in the outer shell and  

 ii. With the ____________possible change. 

Compounds 

two 
elements 

eight 
smallest 



Sodium combines with Chlorine 

to form . . . 

+ 



Common Table Salt 

(The mineral halite) 



8. How Compounds Form (________) 

a. _______ Bonding 

 i. The most common type of bonding in minerals. 

 ii. Atoms are fixed in place by their __________ to 

each other. 

 iii.  Ions of ____________ charge are attracted to each 

 other. 

 iv.  Example:  Formation of salt 

Bonding 

Ionic 

attraction 

opposite 



ÂChlorine (Cl) borrows a e- (becoming negatively 
charged) from sodium (Na) making it positively charged. 

Â  NaCl (sodium chloride) forms. 

 



Formation of NaCl 



b. _________ Bonding 

i. Common between 
____________ 
elements.  Quartz is 
an example. 

ii. Become stable by 
________pairs of 
electrons that serve 
both atoms 
simultaneously. 

iii. Such elements 
have half of, or 
nearly half of, the 
required electrons 
in the outer shell. 

iv. Ions are not formed. 

v. Act as electrical 
insulators. 

Covalent 

nonmetal 

sharing 



Covalent Bonding - Diamonds 



c. _________ Bonding 

i. Responsible for the cohesion of a metal. 

ii. These elements readily lose their outer electrons. 

iii. Crystal structure is determined by packing of positively charged 
atoms. 

iv. Detached electrons are dispersed among the atoms and are freely 
mobile. 

v. Responsible for good __________________________________ 

 

Metallic 

thermal and electrical conductivity 





9.  _______________ (Also called native elements.) 

Gold, Au 

Sulfur, S Silver, Ag 

Native Minerals 

Copper, Cu 

a. Comprised of one ___________ only 

b. Examples include: 

 

element 



Native Elements 

Diamond, C Graphite, C 



B.  Crystallinity 

1.  A  ____________________ is 

 a solid substance in which the atoms are 
arranged in a ________________, orderly 
pattern. 

 

 

 Crystalline Substance 

3-dimensional 



2. Crystals are found in nature wherever 

 constituent atoms are free to come together 

 in the correct proportions to form a certain 

 mineral. 



3.  Mineral ñGrowthò 

Å Not the same as how a living organism grows 

Å Atoms are added as a mineral crystal grows (gets larger) 

 

 

 

 

 

Å Living things grow by cell division 

 



4.  The _________ 

a. The basic building block for a 
crystal. 

b. Analogous to a brick in a wall 
created by stacking bricks 
directly upon one another. 

c. The unit cellôs shape is 
described in terms of the 
lengths of its edges and the 
angles between them. 

d. The crystal is composed of 
many tiny unit cells. 

e. The geometric shape is 
determined by how they are 
put together. 

Unit Cell 



5.  Crystal ________ 

a. ________flat 
surfaces that are 
determined by 
the internal 
arrangements of 
atoms (unit 
cells). 

b. Have a definite 
geometric 
relationship to 
one another 

Faces 

External 



6.  Law of Constancy of Interfacial Angles 

a. Recognized by the Danish naturalist 

Steno in the 17th century 

N
ic

h
o
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s
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n
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6.  Law of Constancy of Interfacial Angles 

b. Noted that the angle 
between two adjacent 
faces of quartz is always   
_________. 

c. Crystals of other minerals 
were also found to have 
sets of angles for adjacent 
faces. 

d. Also called ñStenoôs Law.ò 

the same 



7.  Development of Crystal Form 

1. Most minerals do ____ develop visible 

faces 

 a. They grow while competing for space with 

other minerals 

b. Crystal faces develop if they are surrounded 

by a _________. 

 Â This can be easily displaced as the crystal forms 

c. Environments that promote crystal growth 

include . . . 

 

not 

fluid 



Rapidly Evaporating Water (Evaporites) 



More Environments Promoting Crystal Formation 

Slow cooling from  

molten rock 

Precipitation from 

solution 

Rapid evaporation 



Giant Crystals 

 Selenite Crystal Caves, Mexico 



8.  Crystal Systems 
Å Crystals are classified into seven Crystal Systems  

Å Classified based on the orientation of their axes of reference. 

ïA mathematical method of relating planes to certain imaginary 

lines in space. 

ïThe position of any plane is uniquely fixed by the intercepts it 

makes on three intersecting lines. 


