Minerals — relevance

* Nutrients extracted from
minerals by chemical and
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» Useful for numerous
applications

» Can enhance or reduce
pollution from mining/acid
rain, etc...

» Can affect our health (e.g.
asbestos)

* Aesthetic value (jewelry,
sculpture, art)

e Building blocks of rock
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Minerals
Definition of a Mineral

Maturally occurring

Inorganic*

+ Solid

Element or compound

Definite chemical composition
Regular (crystalline) internal structure

Minerals
Definition of a Mineral

Definite chemical composition
* Regular (crystalline) internal structure

Both diamond and graphite are pure carbon

A rock consists of one
or more types of
minerals.

Large pyrite (FeS,) crystal

Brief review of atoms....

™
N\ " Proton
Nucleus
Neutron
&—Electron

/

Proton has + electrical

charge

- mass of 1.67 x 10" kilograms.
Requires million x billion x
trillion to equal weight of your
textbook!

Electron has negative
charge

Neutron has no charge

Nucleus is protons and
neutrons.

Number of protons
determines type of
element. Neutrons can
vary for given element,
giving rise to different
isotopes of an element.
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Covalent bonding: sharing electrons

(Example: Carbon in diamond)




Minerals —
diamond &
graphite

Both pure
carbon, but one
is hardest known

and other very
soft. Why ?

Relative sizes and charges of common elements

CATIONS Silicon Aluminum  Ilron  Magnesium  lron Sodium  Calcium Potassium
(5i%*) (A1P*) (Fe**)  (Mg?*)  (Fe?*) (Na*) (Ca?*) (K*)

- s o5 o o5 5 95 8

0.27 0.53 0.65 0.72 0.73 0.99 1.00 1.38

ANIONS Oxygen Chloride  Sulfide

i0%) icr) 1s¥)
1.40 1.81 1.84

Figure §-5
Understanding Eorth, Fifth Edftion
2 07 W.H. Freeman and Company

Stable mineral structures require

consideration of charge AND size




Earth’s most common compound — BUT notice that
oxygen and silicon atom sizes are wrong as shown.

Silicate ion (Si0*)

@

!

Oxygenions Sjlicon ion
(0%) (Si*)

Most important structure: silica tetrahedron

A much better diagram of SiO, — correctly
depicts the relative sizes of Si and O atoms

- Oxygen (0O %)

A - Silicon (Si*)

A Arrangement of atoms in B Diagrammatic representation
silica tetrahedron of a silica tetrahedron




Tetrahedra are building blocks of many minerals.
So how can the tetrahedra join to build a mineral?

Isolated tetrahedra: Olivine

Augite crystals

Single chain of tetrahedra: Pyroxene




Double chain of tetrahedra:
Amphibole

Platy or sheet minerals — micas, clays, too.

Silicate layer S A A — A A A

Aluminum
hydroxide layer —__

- “Sandwich”
Aluminum atom

Silicate layer— y

. — Cleavage in mica

Potassium ions ___...--—-'" occurs between
e < ure<w sandwich” layers.

= “Sandwich”

.

Figure 3.15 part 1
linderstending Earth, Fifth Edition
3007 WH. Froaman and Company

Stacked sheets of tetrahedra: Mica




Micas (biotite and muscovite)

Figure 315 part2
Understanding Earth, Fifth Edition
J007 W H. Froaman and Company

Silicate ion (5i0,4*)

%

Oxygen ions  Silicon ion
(0% (Si**)

Figire 3-9 part 1
Understending Earth, Fifth Edition
10 J007 W.H, Freemnan and Company

All 4 oxygens linked to other tetraherda:

Framework silicates (feldspar, quardr)




Silicate mineral — quartz
(common quartz — left;
amethyst — right; smoky
guartz and rose quartz
lower. Colors depend on
trace elements in rock.

Mineral Chemical formula <l.m::|=;:‘dm=h j:m Specimen
1 plane Isolated tetrahedra
Olivine (Mg, Fel 500, ﬂ"‘
Ia)
2 planes at 907 Single chains
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Pyroxene (Mg FelSioy ' W
FAtar arrangements
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Y :‘. different
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Micas Muscovite: KALIAISE 000 [OH]y

Biotite: KiMq, Fe},AlSi 0, 5|OH]; ran g e Of
- properties
Feldspars Ovthoclase feldspar: KAISiyj0;

Plagintiase foldspar

(Ca, Na) AlSi;0y
o)
Figure 3-9 part 2
Underctanding Farth, Fifth Edition
© 2007 W, H. Freeman and Compary




Feldspars — most
common silicates
common in igneous
rocks like granite at
right (quartz and K-
feldspar)

Constituent minerals
A

" Orthoclase feldspar Quartz Plagioclase feldspar i

Biotite

Plagioclase feldspar
Orthoclase feldspar
Biotite

Rocks are naturally ———
occurring aggregates
of minerals.

Rock (granite)

Figure 3-21
Fartls. Fifeh Editiarn
& 2007 WL H. Freernan and Company




Cubic crystal form — reflects organization of
atoms in mineral

Halite
And
Pyrite

(fool’s
gold)

Calcite (CaCO,)
Mineral structure bends light along parallel paths! Phenomenon is
called birefringence.
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Using mineral properties for identification

At least 30 distinct properties can be used to identify a
mineral.

Most common — hardness, shape, luster, cleavage,
mineral shape, density, acid reaction, color (can be
misleading)

Tendency to fluoresce (to glow under certain conditions)

Already worked with basic identification in first week’s
discussion section.

Major mineral groups

Silicates (silicon, oxygen, etc)
Carbonates (carbon, oxygen, etc)
Sulfates (sulfur with oxygen)

Sulfides (sulfur and no oxygen)

Oxides (metallic elements plus oxygen)

Native elements (pure elements), copper, silver,
gold, platinum, carbon

12



Galena
(sulfide —
lead + sulfur)

Aragonite
(carbonate)

Cuprite

(copper
oxide)

Native copper
(pure)
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