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Atoms, 

Elements,

and Minerals

Chapter 2
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A mineral is:

Â Solid,

Â crystalline, 

Â has a specific chemical 

composition,

Â Has a regular internal 

arrangement of atoms, 

Â and forms through 

geologic processes 

(naturally occurring)
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Mineral

ÂNaturally occurring

ÃNot synthetic, artificial

Â Solid crystalline substance

ÃNeither liquids nor gases

ÃAtoms arranged in orderly, repeating, 3-D 

array 

ÂGenerally inorganic

ÂWith a specific chemical composition

ÃFixed or within a range, limited by crystal 

structure
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Non-Crystalline Materials

ÂGases

ÂOrganic materials

ÂAqueous solutions

ÂMelts

ÂAmorphous solids (ñwithout formòðnon-

crystalline)

ÃGlass, opal
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A rock is:

ÂNaturally formed

ÂConsolidated material

ÂMade of grains of one 

or more minerals
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Rocks vs. Minerals

Â A mineral

Ã is a crystalline solid

Ã is formed by natural geological processes

Â in the geosphere (most minerals)

Â in the hydrosphere (e.g., salt)

Â in the biosphere (e.g., calcite)

Â In the atmosphere (e.g., water ice)

Ã has a specific chemical composition

Ã has consistent physical and chemical 

properties

Â A crystal

Ã is a mineral with ñshapeò (form)properties

Â A rock

Ã is a composite of one or more minerals

Fig. 2.1, pg. 26
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An atom is:

Â Smallest possible 

particle of an element 

that retains the 

properties of that 

element

ÂDetermined by 

number of protons
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3 most important subatomic 

particles

ÂProtons ïcontributes mass and a single 

positive electrical charge to an atom

ÂNeutrons ïcontributes mass to an atom 

and is electrically neutral

ÂElectrons ïsingle, negative electrical 

charge that contributes virtually no mass 

to an atom
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Atomic Structure
Â Nucleus of an atom 

Ã has Protons (+1 charge) - determines the 

element

Ã may have Neutrons (0 charge)

Ã is a tinyvolume at atomôs center

Ã is nearly all of the atomôs mass

Â Electrons (-1 charge)

Ã orbit Nucleus in discrete shells (energy levels)

Â Shells are most of volume of an atom

Ã only a tiny fraction of the atomôs mass

Â Atoms 

Ã Neutral

Â Number of electrons and protons equal

Ã Ions

Â Number of electrons and protons unequal

Â Chemical (vs. nuclear) reactions

Ã involve only outermost shell - (valence) 

electrons

Fig. 2.3, pg. 28

Fig. 2.5, pg. 29
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Atomic number

Ânumber of protons in an atom

Âdetermine atomôs characteristics
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Atomic mass controlled by:

ÂNumber of protons 

Â Plus

ÂNumber of neutrons
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Ion =

ÂElectrically charge atom or group of atoms

ÃEx. = SO4
-2,

ÃEx. CO3
-2

ÃEx. Cl-, Na+
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Types of ions

ÂCations +

ÂAnions -
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Chemical reactions construct materials

ÂTypically exchange or sharing of 

electrons
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Isotopes = 

Â atoms of the same element that have 

different numbers of neutrons, but the 

same number of protons

ÂExamples = O 16 (8 neutrons), O 18 (10 

neutrons)

ÂUnstable isotopes ïdecay  to different 

element ïradioactivity geiger counter
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Atomic make -up

Â Electrons key for 
chemistry
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Isotopes

Â Elements 

Ãdetermined by the number of protons in the 

nucleus !

Â Carbon (C) = 6 protons - Always!

Â Sodium (Na) = 11 protons - Always!

Â Chlorine (Cl) = 17 protons - Always!

ÂNumber of neutrons can vary for an Element

Ã Isotopes

Â Carbon-12 é 6 protons, 6 neutrons

Â Carbon-13 é 6 protons, 7 neutrons

Â Carbon-14 é 6 protons, 8 neutrons

Â Isotopes are a # change in neutrons.. in the 

nucleus!
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Isotopes
ÂCan only have a limited number of

Ãadditional neutrons in the nucleus

Ã isotopes for each Element

Â heavier (larger) Elements have more

Ã room in the nucleus

Ã isotopes (generally)

ÂIsotopeôs nucleus may be

ÃStable

Â all of their protons and neutrons retained over time

Â can be used to track climate changes

ÃUnstable or radioactive

Â spontaneously lose particles from their nuclei (fission!)

Â proton loss means the Isotope turns into a new Element!

Âmajor source of Earthôs heat!

10/22^050
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Chemical Bonds:
Important in both minerals and fluids

ÂTypes and characteristics

ÃIonic

ÃCovalent

ÃMetallic

ÃVan der Waals

ÃHydrogen
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2 common types of atomic bonds

Â Ionic bond ïbonding due to the attraction 

between positively charged ions and 

negatively charged ions ïopposites attract

ÂCovalent bond ïbonding due to the 

sharing of electrons by adjacent atoms
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Ionic Bonds

ÂDonating/accepting electrons from one 

atom (element) to another atom (element)

Â Typical of salts

ÂGenerally very soluble

ÂDominant type of bonds in mineral 

structures

ÂOn left side of Periodic Tableðlose 

electrons

Â Toward right sideðgain electrons
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ÂHalite, a chloride
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ÂCrystal structure of halite (NaCl, common 

salt)

ÂOctahedron, 6 sides in 3-D; 6 Cl about 1 

Na
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Covalent Bonds

ÂLocalized sharing electrons (e.g., 

diamond)

ÂGenerally stronger than ionic bonds 

(minerals less soluble)
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Metallic Bonds
ÂAlso shared electrons but 

delocalizedðnot tied to a particular 

site

ÂA kind of covalent bond

Â Important for thermal and electrical 

conductivity

ÂSheenðabsorb and re-emit light by 

reflection 

ÂUncommon in mineralsðCu metal, 

some sulfides
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Metallic minerals
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Major classes of minerals

Â Elements

Â Sulfides ïS

ÂOxides ïO

ÂCarbonates ïCO3

Â Sulfates - SO4

Â Phosphates PO4

Â Silicates SiO4
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A short review of some 

basic chemistry
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Â Relative size and charge are key features ð
charge balance and ñcoordination numberò



Mineral Groups

Determined by anion (-

negative ion)
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Non-silicate mineral groups
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Non-Silicate Minerals
ÂCarbonates

ÃContain CO3 in their structures (e.g., calcite - CaCO3)

Â Sulfates

ÃContain SO4 in their structures (e.g., gypsum - CaSO4
. 2H2O)

Â Sulfides

ÃContain S (but no O) in their structures (e.g., pyrite - FeS2)

ÂOxides

ÃContain O, but not bonded to Si, C or S (e.g., hematite -

Fe2O3)

ÂNative elements

ÃComposed entirely of one element (e.g., diamond - C; 

gold - Au)
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Apatite: Ca5(PO4)3F
ð a phosphate

Â Tetrahedral PO4
-3 group

is the anion in 
phosphates

Â Location of most 

phosphorous in rocks

(an essential nutrient)

ÂWhere is most of the 

phosphorous in this 

room? (why are calcium 

and fluoride important?)
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Ions Cluster as ñPolyhedraò 

ÂOpposite charges attract

Ã# that go around central ion depends on relative size

ÃDoes the central ion have + charge orð charge? 

Why?

Â Examine the tetrahedron next (coordination # = 4)
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Making a 

crystal 

from 

polyhedra

Â Linking polyhedral units by sharing of some or all 
corners builds a regularly repeating 3-D structure ð
a crystal structure


