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Atoms,
Elements,
and Minerals



A mineral Is:

A Solid,

A crystalline,

A has a specific chemical
composition,

A Has a regular internal

arrangement of atoms,

A and forms through
geologic processes
(naturally occurring)




Mineral

A Naturally occurring
Not synthetic, artificial

A Solid crystalline substance
Neither liquids nor gases

Atoms arranged in orderly, repeating, 3-D
array

A Generally inorganic

A With a specific chemical composition

Fixed or within a range, limited by crystal
structure
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Non-Crystalline Materials
A Gases

A Organic materials
A Aqueous solutions

A Melts
AAmMor phous sol I ddésnorf-n wi
crystalline)

Glass, opal



A rock Is
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A Consolidated material

A Made of grains of one

or more minerals



Rocks vs. Minerals

Is a crystalline solid
Is formed by natural geological processes
A In the geosphere (most minerals)
A Inthe hydrosphere (e.g., salt)
A Inthe biosphere (e.qg., calcite)
A In the atmosphere (e.g., water ice)
has a specific chemical composition

has consistent

1 x 107
or
0.0000001 mm

Silicon

IS a mlneral Wlth ﬁ S h a p e 0 pl(orﬁelmlqs n Silicon and oxygen atoms Diagrammatic representation

in crystalline structure of crystalline structure

Fig. 2.1, pg. 26
IS a composite of one or more minerals



An atom IS:

A Smallest possible
- particle of an element
7 o R that retains the
@ properties of that
i S element

() Protons (8 are present)

Neutrons (usually 8 are present) A Determlned by
= Biosns number of protons



" S
3 most important subatomic
particles

A Protons T contributes mass and a single
positive electrical charge to an atom

A Neutrons 1 contributes mass to an atom
and Is electrically neutral

A Electrons i single, negative electrical
charge that contributes virtually no mass
to an atom
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A of an atom Atomlc StrUCture

has Protons (+1 charge) - determines the
element

may have Neutrons (0 charge)
isatinyvol ume at atomoOos cent ~r R
isnearlyal | of the atomds ma
A (-1 charge)
orbit Nucleus in discrete shells (energy levels)
A Shells are most of volume of an atom

onyat i ny fraction of the ass
A Atoms " Fig. 2.3, pg. 28
Neutral L
A Number of electrons and protons equal ar
lons S
A Number of electrons and protons unequal === 0. 25,1029

— Electrons

A Chemical (vs. nuclear) reactions

involve only outermost shell - (valence)
electrons
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- - 2 protons

e >

10 protons in nucleus

A Helium

B Neon

10
() Protons ( ) Neutrons — Electrons
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Atomic number

A number of protons in an atom
Adetermine atomods chart
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Atomic mass controlled by:

A Number of protons
A Plus
A Number of neutrons
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lon =
A Electrically charge atom or group of atoms
EX — SO4-2’

Ex. CO;?
Ex. Cl>- Na*
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Types of ions

A Cations +
A Anions -
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Chemical reactions construct materials

Sodium atom:

| electron in
outer shell Sodium loses
| electron
to become
' sodium ion

__— Electrical attraction

Chlorine gains
Chlorine atom:

| electron
7 electrons in to become
outer shell chloride ion

P Compound, sodium chloride (NaCl),
formed by electrical attraction
between Na* and CI-

electrons
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|sotopes =

A atoms of the same element that have
different numbers of neutrons, but the
same number of protons

A Examples = O 16 (8 neutrons), O 18 (10
neutrons)

A Unstable isotopes i decay to different
element T radioactivity geiger counter
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6 protons 6 protons

6 neutrons 8 neutrons
Carbon-12 Carbon-14
(6P 1 8N)
& Atomic weight 5 14
Atomic weight 5 12 g
I Q Proton (atomic mass 51) Atom |C make -u p

() Neutron (atomic mass 5 )

2 e Electron (atomic mass 5 0) A Eflleeﬁ]rg?r?/ key for
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‘sotopes

A Elements

determined by the number of protons in the
nucleus !

A Carbon (C) = 6 protons - Always!

A Sodium (Na) = 11 protons - Always!

A Chlorine (CI) = 17 protons - Always!

A Number of neutrons can vary for an Element

ACarbon-12 ¢é 6 protons, 6 neutron
ACarbon-13 €é 6 protons, / neutron
ACarbon-14 ¢é 6 protons, 8 neutron

A Isotopes are a # change in neutrons.. in the
nucleus!
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‘sotopes

A Can only have a limited number of
additional neutrons in the nucleus

Isotopes for each Element

A heavier (larger) Elements have more
room in the nucleus
iIsotopes (generally)

Al sotopeod0s nucl eus may ¢t

A all of their protons and neutrons retained over time
A can be used to track climate changes

or
A spontaneously lose particles from their nuclei (fission!)
A proton loss means the Isotope turns into a new Element!

Amaj or source of Earthos heat !

19
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Chemical Bonds:
Important in both minerals and fluids

A Types and characteristics
lonic

Covalent

Metallic

Van der Waals

Hydrogen

20



2 common types of atomic bonds

A lonic bond T bonding due to the attraction
between positively charged ions and
negatively charged ions T opposites attract

A Covalent bond 1 bonding due to the
sharing of electrons by adjacent atoms

21



lonic Eonas

A Donating/accepting electrons from one
atom (element) to another atom (element)

A Typical of salts
A Generally very soluble

A Dominant type of bonds in mineral
structures

A On left side of Periodic Tabled lose
electrons

A Toward right sided gain electrons

22
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Sodium (Na*) ion Chlorine (CI7) ion




* SEE————
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Chlorine (ClI)

Sodium (Na)
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Sodium (Na)
Chlorine (Cl)



Chloride ion

Sodium ion

A Halite, a chloride

26



Chloride ion

Sodium ion

A Crystal structure of halite (NaCl, common
salt)

A Octahedron, 6 sides in 3-D: 6 Cl about 1
Na 27



Covalent Bonds

A Localized sharing electrons (e.qg.,
diamond)

A Generally stronger than ionic bonds
(minerals less soluble)
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Metallic Bonds

A Also shared electrons but
delocalizedd not tied to a particular
site

A A kind of covalent bond

A Important for thermal and electrical
conductivity

A Sheend absorb and re-emit light by
reflection

A Uncommon in mineralsd Cu metal,
some sulfides 2
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Major classes of minerals

A Elements

A Sulfidesi S
A Oxidesi O
A Carbonates1 CO,
A Sulfates - SO,

A Phosphates PO,
A Silicates SIO,




Key Rock-forming Minerals*

Group

Non-
silicates

Silicates

Mineral group / Formula type

Hematite — Fe,O,

Magnetite — Fe;0,

Halite — NaCl

Calcite — CaCO,

Dolomite — CaMg(CO,),

Gypsum — GaS0..2H,0O

Quartz — framework (SiO.,)
Feldspars — framework (Na-K-Ca-Al)

Micas (muscovite, biotite) — sheet (K-Al-Fe-Mg)

Clay group — sheet (K-Na-Al-Fe-Mg)

Amphiboles— double chain (Na-Ca-Mg-Fe-Al)
Pyroxenes — single chain (Ca-Mg-Fe-Na-Al)

Olivine — isolated SiO, (Mg-Fe)
Garnet — isolated SiO, (Ca-Mg-Fe-Al)

* What is most important:
(1) the mineral groups,

(2

their systematic distribution in different rock types,

)
(3) the differences in composition and structure type

Rock type

Sedimentary

lgheous

Chemical sedimentary

Chemical sedimentary & metamorphic
Chemical sedimentary & metamorphic
Chemical sedimentary

Clastic sedimentary & igheous

Clastic sedimentary & igneous
Metamorphic & igheous

Sedimentary

lgneous and metamorphic

lgneous and metamorphic

|lgneous and metamorphic
Metamorphic




Strong tendency
for outermost
electrons to be
lost to uncover

Noble gases:

outer shells
filled; no

tendency to

gain or lose

full outer shell Strong tend-  electrons
Tendency 1o fill outer ency to gain rem)
electron shell by elec- electrons to  |7¢ 2
tron sharing and gain  make full
or loss of electrons  outer shell
Be = O a|F 9)INe 0
Lites deirhan Oregee Flesive Mo
Na 11|Mg 1z S 1s|Cl i fJAr 18
Tendency to lose electrons from inner shells
Sodm | Magremer Sheon Sdhr ChHorrw Argon
K 3G 2QfSc o 2|V 23Cr 4|Mn 25|Fe 2% Co 7Nl W|Cu 29)/Zn 0Ga 11 Ge 2 Se i4|Br )IKr
Pomtzans | Caloun km Tinsen v'_hfab._d} .-?:_gn_.;- bt o _fron | :M Nickel Copper 2rc leuu .QI«.rnu-u- ; _!o_u_ff _n«?n.. l(npm
Rb 52(Sr )Y = |Zr 40|Nb 41 Mo «2{Tc 4)|Ru 4 Rh «|Pd «|Ag 4|Cd «]ln 4 Sn @ Te Qfl s Xe w4
Rutsday | Sroveus Yorsaw | Zrcomure | Nobobars  Mopbdoraw| Tochnmsm| Fusharsrs | Rsoday | Pludum Gmer Crdwam Tedurss [l Ko
Cs s5|Ba sefjla se|Hf 72{Ta 7:3IW 724|Re 75|Os 2e(ir 77|Pt m|Au 79| Hg 30 Po e¢|At es)Rn &
Coshum Eareen Lareharnan | *urbun Tavauw | Tunguen | Renee | Qo ridun Flrs s Goe Mercary Folorduy | Asuees Hadon
Fr & |Ra sejjAc wm
Chemical _[Mp 175 Atomic
. b | Mg 12 Elements of major Elements of lesser
frombos | Raten JI Acvoas sym number .
abundance abundance but of major
"“"'"'-"/tE\'a;.:?eem in Earth's crust geologic importance

20



Alkalies &
Alkaline earths

Li
152

N 4
.068

Lit

Be

2+
71 Be
O

.035

Na
Na*

O

2.22

Mg

@ Mg2+
Q

.066
1.87

Key Parts of the Periodic Table

showing most important elements, their atomic and 1onic radii,
and some of their abundances in the crust of the Earth

Network Formers & Anions

K

o aw

241

Ca

s

3.93

Rb

Rb*
147

Cs

+
262 \C8

B C N o .| F L
B3+ C4+ N5+ oy ¢
O %510 <o N|e b
089 023 | o7z <02 | gy 015 | 074 7%
140 133
- 0.11 - 46.92 -
Al Si P S g% Cl or
A13+ O Si4+ Q P5+ S6+
O % ’ > OsEm O
140 051 117 042 110 035 | 104 030 107
813 2809 B A& 18I
Transition Metals
Ti \Y% Cr Mn
Ti4+ Q V3+ @ Cr3+ Mn2+ Q F62+
3H
Q Q O Mn>* Fe
146 068 131 oy 125 pes |12 g;o 124 074 Q
070 0
_ _ 4.69

A Relative size and charge are key features o
ance

charge

b al

and

Ncoor di
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Mineral Groups

Determined by anion (-
negative ion)



licate mineral groups

Native elements

Minerals consisting of a single element

| Anhydnte(C

Barite (BaSOy)

Gold (Au)
Silver (Ag)
Platinum (Pt)
Diamond (C)

ter

‘ Dnlhng ‘mti'd'

Jewelry, coins, electronics

Jewelry, coins, photography

Jewelry, catalyst for gasoline productio
Jewelry, drill bits, cutting tools
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Non-Silicate Minerals

A
Contain COs; In their structures (e.g., calcite - CaCO,)
A
Contain SO, in their structures (e.d., gypsum - CaSO, 2H,0)
A
Contain S (but no O) in their structures (e.g., pyrite - FeS,
A
Contain O, but not bonded to Si, C or S (e.g., hematite -
Fe,0,)
A

Composed entirely of one element (e.g., diamond - C;
gold - Au)
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Apatite: Ca;(PO,);F
0 a phosphate

A Tetrahedral PO, group
IS the anion in
ohosphates

A Location of most
ohosphorous in rocks
(an essential nutrient)

A Where is most of the
phosphorous in this
room? (why are calcium
and fluoride important?)




TS ™ Cl ust er as

Coordination 3 4 6 8 12

Number
v D o ©
A B 0 ©
RR, %2 Ga 073 100 2100

A Opposite charges attract
# that go around central ion depends on relative size

Does the central ion have + charge or © charge?
Why?

A Examine the tetrahedron next (coordination # = 4) 2



Making a
crystal
from
polyhedra

A Linking polyhedral units by sharing of some or all
corners builds a regularly repeating 3-D structure 0
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