
Smallest possible particle of a Smallest possible particle of a chemical elementchemical element
that retains that elementthat retains that element’’s chemical properties?s chemical properties?

A) QuarkA) Quark
B) NeutronB) Neutron

C) AtomC) Atom
D) MoleculeD) Molecule

E) MineralE) Mineral



Valence electrons
sit in outermost

electron shell

smallest possible particle of a chemical element
that retains its chemical properties = ATOM



a substance that cannot be decomposed or 
transformed into other chemical substances 

by ordinary chemical processes
=
? 

smallest possible particle of a chemical
element that retains that element’s

chemical properties
=

ATOM 

particle

substance



A B C D
Which of these elements are the most STABLE?

Periodic Table first created in 1869 by the Russian chemist Dmitri Mendeleev



stable configuration:
valence shell contains maximum electrons - noble gases

how do other elements gain stability?





Ionic bond: electrons transferred
(usually from metal to non-metal)

Ion: protons ≠ electrons



stable configuration: valence shell contains maximum electrons
1. ionic bonding…electron transfer
2.

Na+Cl-



stable configuration: valence shell contains maximum electrons

2. covalent bonding…electron sharing

Each Cl now
‘feels like’ Ar



Take-home message:

Most of Earth’s elements 
PREFER (chemically)

to exist in combination 
with other elements

~

accomplished via 
electrostatic bonding

(ionic, covalent, and many other types)



most abundantless abundant

What is most common mineral group going to be made 
up of?



most abundantless abundant

What is most common mineral group going to be made of?
Oxygen, Silica Oxygen, Silica –– Silicates (Silicates (90% of Earth90% of Earth’’s crusts crust))



Ratio of oxygen to silica changes
4:1, 3:1, (2:1)

% silica controls physical properties of magma



FeldsparFeldsparFeldspar

Oceanic crust - dense

Continental crust - light

PyroxenePyroxenePyroxene





Granite
most common rock in continental crust

Feldspar

Quartz

Micas



Plate tectonics
controls lava

chemistry

Silicates
have
volcanic
origin



Summary

Silicates: 90% of Earth’s Crust, volcanic origin

1) Continental crust
High silica, low density
Granite most common rock

Feldspars and quartz most common minerals
(light silicates)

2) Oceanic crust
Lower silica, higher density
Basalt most common rock

Olivine and pyroxene most common minerals
(dark silicates)



Non-silicates (<10%): Halides, Sulfates, Carbonates

gypsumgypsum

zinczinczinc
limestonelimestone



What is this stuff? A) snow, B) salt, C) fertilizer, D) sugar



Salt flats





Gypsum CaSO4·2H2O 



Seawater

Gypsum

Halite

Sylvite

100%

25-30%

10%

<10%

Examples of Halides -

Evaporites



Before

After

Where do you find these?

Sulfates



200,000 tons from 3,500-1,200 BC !



Carbonates

Former
marine
organisms



Non-silicates: Non-volcanic, commercially useful

HalideHalide

SulfateSulfateSulfate
CarbonateCarbonate



Building blocks…
Made up of: Description:
1. (Quarks, photons, neutrinos……….Subatomic)
2. Protons, neutrons, electrons……………...Atom

(Atoms: elements)
3. Atom molecule/compound…………..Mineral

Increasing size, complexityIncreasing size, complexity



Geologists’ definition of “mineral”…

1. Naturally occurring
(no synthetics)

2. Solid substance
(on Earth)

3. Orderly crystalline 
structure

4. Definite chemical 
composition

5. Generally inorganic



How do you identify a mineral?



Physical properties of minerals
1. Crystal form
2. Luster
3. Color
4. Streak
5. Hardness
6. Cleavage
7. Fracture
8. Density/specific gravity
9. Other



1. Crystal form………….



2. Luster………….



3. Color………….



4. Streak………….



5. Hardness…



6. Cleavage



7. Fracture…



8. Specific gravity/density…

weight of mineral 
vs. 

weight of equal volume of water

Asbestos = 2.45
Basalt = 3.01
Coral = 2.12

Granite = 2.69
Etc…



9. Other…

Taste
Elasticity
Malleability
Feel (greasy, soapy)
Magnetism
Double refraction
Etc…



Take-home message:

Physical properties of minerals
can be used in combination to

determine mineral type



Building blocks…of ROCKS!
Made up of: Description:
1. (Quarks, photons, neutrinos……….Subatomic)
2. Protons, neutrons, electrons……………...Atom

(Atoms: elements)
3. Atom molecule/compound…………..Mineral
4. Minerals……………………………………..Rock

Increasing size, complexityIncreasing size, complexity



ROCK:ROCK:
Any solid mass of mineral, or mineralAny solid mass of mineral, or mineral--like,like,

matter that occurs naturally matter that occurs naturally 
as part of our planetas part of our planet
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