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THE EARTH IS MIADE OF . ¥ ¢

Question Looking at the periodic table, and thinking
about what you know already,
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Which elements do

you think are the

most abundant in
the Earth’s
lithosphere?




THE EARTH IS MIADE OF . . .

All 92 elements are found on Earth.
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All 92 elements are found on Earth.

But, most of these elements exist as compounds.

NaCl CaCo, Si0,  C.H,,0,

halite calcite silica sugar

But, are there any major categories or divisions of
compounds that make up the Earth?
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But, are there any major categories of compounds
that make up the Earth?

* Biosphere
The earth is a living planet &

But, what is life made
of?

C - carbon

The distribution of different

H - hydrogen biomes on Earth

N - nitrogen

In the form of amino acids, nucleic acids, fats, and sugars.




But, are there any major categories of compounds
that make up the Earth?

* Biosphere
The earth is a living planet

But, what is it made
of?

C - carbon

H The distribution of different
- hydrogen biomes on Earth

N - nitrogen

In the form of amino acids, nucleic acids, fats, and sugars.




So far, between the atmosphere, hydrosphere, and

biosphere, we have taken up only 4 or 5 of the 92
naturally occurring elements.

Where are the remaining 88?

http://www.reliefglobe.com/




So ... What is the lithosphere made of?
Well, lots of stuff.




So ... What is the lithosphere made of?
And the rocks are made of minerals, like . ..

corundurm - diamond




So...Whatis the lithosphere made of?

But minerals do not have to be bright
and shiny.
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But, of the 3000+ known
minerals only about a
dozen are abundant.
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~ 4.5 Ga ~ 4.5 Ga ~ 4.5 Ga

At ~4.5 Ga the Earth-Moon collision provided enough
energy to melt them and begin their physical evolution.
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. The Moon as seen from Earth




~ 4.2 Ga

Earth About 4.2 billion years ago

Still molten hot, without water or life, being bombarded
continuously by meteorites.

http://www.gps.caltech.edu/~mjwillis/research/bugbuster.html




~ 4.2 Ga ~ 4.2 Ga ~ 4.2 Ga
Infant Earth The Earth as it may have appeared four+ billion years ago.
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http://www.arcadiastreet.com/cgvistas/earth_010.htm




ABUNDANCE OF ELEMENTS THAT FORM THE
EARTH’S LITHOSPHERE
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THE SILICA TETRAHEDRON  p 70
AND COVALENT BONDING

Silicon has 4 valence electrons

Oxygen has 6 valence electrons

15t four in green :

Last 2 in red o
Same is true for !
other 3 oxygens @9 ® ® e
To satisfy the octet ¢ Ve v ) e 4 "*.1
rule silicon must | ) ¢ © | :
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Silicon does so by sharing %
one electron with each . —
oxgyen.



GEOMETRY OF
THE SILICA TETRAHEDRON

Topr VIEW SIDE VIEW

S10,74



THE SILICA TETRAHEDRON




THE SILICA TETRAHEDRON




The first and Highest Temperature Forming

OLIVINE
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OLIVINE

The first and Highest Temperature Forming

Properties

e Crystals grows outward in all
directions, from innumerable seeds
scattered everywhere in the magma
and so are granular shaped.

Crystal structure has no planes of
weakness so there is no cleavage.

Olive green color (after olives) is
distinctive.




THE REACTION PRINCIPLE

Minerals (and rocks, and in fact everything
else) are stable only under the conditions at
which they form.

Olivine forms at high temperatures, and is only
stable at those temperatures.

That is obvious if you raise the temperature —
olivine will melt.

Not quite so obvious if you lower the
temperature ... But....



THE REACTION PRINCIPLE

* In a cooling magma once the temperature falls
below the stability range for olivine it reacts
with the melt.

 That is it dissolves back into the melt and
recrystallizes to form a crystal structure and
mineral stable at the lower temperatures.

This is a Iractionation
Process



The Ma fic Minerals
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PYROXENE
Single Chain Silicates

As the temperature in the melt declines
Isolated silica tetrahedra begin to join
together — they polymerize.

Polymerization - a chemical reaction in
which two or more small molecules
combine to form larger molecules that
contain repeating structural units of the
original molecules




PYROXENE

Single Chain Silicates
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PYROXENE

The Second Highest Temperature Forming

Properties

Single tetrahedra chains held
together by Ca, Na, Fe, and Mg.

Chain stacking creates an 87° and
93° prismatic cleavage with
fracturing across third direction.

Typically dull, dark, greenish-black.

Crystals are often stubby
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e Crystals are often stubby




PYROXENE

The Second Highest Temperature Forming

Properties

Single tetrahedra chains held
together by Ca, Na, Fe, and Mg.

Chain stacking creates an 87° and
93° prismatic cleavage with
fracturing across third direction.

Typically dull, dark, greenish-black.

Crystals are often stubby




PYROXENE

The Second Highest Temperature Forming

Properties

e Often pyroxene shows no cleavage at
all.




AMPHIBOLE

Double Chain Silicates

As the temperature in the melt declines
even further the single chains of
tetrahedra pyroxene react with the melt
and join to form double chains.




AMPHIBOLE

Double Chain Silicates




AMPHIBOLE

Double Chain Silicates

As the temperature in the melt declines
even further the single chains of
tetrahedra pyroxene react with the melt
and join to form double chains.




AMPHIBOLE
The Third Highest Temperature Forming

Properties

Double tetrahedra chains held
together by Ca, Na, Fe, and Mg.

Chain stacking creates an 60° and
120° prismatic cleavage with
fracturing across third direction.

Typically shiny, black.

Crystals are often elongate.

Surface typically broken by
lineations running length of crystal
(these are the 60-120 cleavages
coming to the surface.
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AMPHIBOLE
The Third Highest Temperature Forming

Properties

Double tetrahedra chains held
together by Ca, Na, Fe, and Mg.

Chain stacking creates an 60° and
120° prismatic cleavage with
fracturing across third direction.

Typically shiny, black.
Crystals are often elongate.

Surface typically broken by
lineations running length of crystal
(these are the 60-120 cleavages
coming to the surface.




Now the double chains join together to form sheets.

shests,
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BIOTITE
Sheet Silicates

Now the double chains join together to form sheets.

muscovite, a phyllosilicate



BIOTITE
Sheets of Tetrahedra

Properties

e Sheets of chains held together by Fe,
Mg.

* Flat, slick smooth, black, very shiny
cleavage faces.

e Sheets can be peeled away from
each other by basal cleavage.
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BIOTITE
Sheets of Tetrahedra

Properties

Sheets of chains held together by Fe,
Mg.

Flat, slick smooth, black, very shiny
cleavage faces.

Even thin sheets remain black and
opaque; light does not pass through
them.

Sheets can be peeled away from
each other by basal cleavage.




MUSCOVITE
Sheets of Tetrahedra

Properties

Sheets of chains held together by
potassium

Flat, slick smooth, very shiny )
cleavage faces, but clear to brassy in =
color.

Sheets are clear to translucent when
thin.

Sheets can be peeled away from
each other by basal cleavage.




MUSCOVITE
Sheets of Tetrahedra

Properties

Sheets of chains held together by
potassium

Flat, slick smooth, very shiny
cleavage faces, but clear to brassy in
color.

Sheets are clear to translucent when
thin.

Sheets can be peeled away from
each other by basal cleavage.




MUSCOVITE
Sheets of Tetrahedra

Properties

» Sheets of chains held together by
potassium

Flat, slick smooth, very shiny
cleavage faces, but clear to brassy in
color.

pA et T ST N
Sheets are clear to translucent when
thin. T

Sheets can be peeled away from
each other by basal cleavage.




QUARTZ

Complete Framework of Silica Tetrahedrons

Now all the silica tetrahedra share their oxygens with other
tetrahedra.




QUARTZ

Complete Framework of Tetrahedra

Properties

Grows as six sided, doubly
terminated (ends come to points)
crystals when there is space to grow
in.

Crystal structure has no planes of
weakness so there is no cleavage.

Pure quartz is clear and glassy, but
minor impurities produce a complete
spectrum of color.

Crystal faces typically have fine
parallel ridges running at right
angles to long axis of crystal.




QUARTZ

Complete Framework of Tetrahedra

T

nds”

"r_-=" L A
LY ety SO

Properties

Grows as six sided, doubly
terminated (ends come to points)
crystals when there is space to grow
in.

Crystal structure has no planes of
weakness so there is no cleavage.

Pure quartz is clear and glassy, but
minor impurities produce a complete
spectrum of color.

Crystal faces typically have fine
parallel ridges running at right
angles to long axis of crystal.




QUARTZ

Complete Framework of Tetrahedra

Properties

Grows as six sided, doubly
terminated (ends come to points)
crystals when there is space to grow
in.

Crystal structure has no planes of
weakness so there is no cleavage.

Pure quartz is clear and glassy, but
minor impurities produce a complete
spectrum of color.

Crystal faces typically have fine
parallel ridges running at right
angles to long axis of crystal.




QUARTZ

Complete Framework of Tetrahedra

Properties

e Quartz that grows in enclosed spaces
has a rough irregular surface
showing no crystal form, although
the atoms are still geometrically
arranged inside.




FELDSPARS

Framework Silicates

Adding an alumina tetrahedron requires that the extra e- in
the developing crystal be balanced by a cation of some sort.

We have three cations left to do this with.
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FELDSPARS

Framework Silicates

Aluminum i1s the third most abundant element in the
lithosphere, and so far none of the minerals we have
examined contain any of it.

But, aluminum helps form one of the most abundant,
iImportant, and widespread of any of the rock forming
minerals.

El { | Symbal Adomio Size (Angsiroms) Adomic | Alomic prnpnrﬁnns— in Harth
Hemen Plumber A fom Ton Cl'lnr;t. “-’niglit % Volume | % MI;[EI

Oxygen Q 6 0.60 | 1.40 | O~ | 15.99
Silicon Si 14 | 117 | 0.43 | Si**""| 28.08
Auminum| Al | 13 | 143 | o051 | At 2698 | 47 | 8.13
Iron Fe | 26 | 124 | 074 | Felv |g55g7

0.64 | Fe*++
Calcium | Ca 20 196 | 099 | Ca™t | 4008

Sodium Na 11 1.86 0.97 Na 22 99

Potassium| K 19 2.31 135 | K 39.09

Mag- s
ndium | Mg | 12 | 160 | 66 | Mg |55.93
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Framework Silicates

Aluminum fits into this scheme primarily because it is about
the same size as the silica atom.

This means that aluminum can substitute for silica, and in the
process form an aluminum tetrahedron.
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Of course, it can’t be just that simple.
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Framework Silicates

Adding a silica tetrahedron changes the charge balance in
the crystal that must be adjusted for.

Silica Tetrahedron

(4 oxygen)(each needs 2 e-) = total 8 e- needed

(1 silicon)(has 4 e-) = total 4 e- to bond with oxygen

4 e- needed to balance SiO,

Alumina Tetrahedron

(4 oxygen)(each needs 2 e-) = total 8 e- needed

(1 aluminum)(has 3 e-) = total 3 e- to bond with oxygen

5 e- needed to balance SiO,



FELDSPARS

Framework Silicates

Adding an alumina tetrahedron requires that the extra e- in
the developing crystal be balanced by a cation of some sort.

We have three cations left to do this with.
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FELDSPARS

Framework Silicates

Constructing the Feldspar Minerals

Cation Cation

Charge Size Substitutions

Feldspar Formula

7

o Charges ok, but sizes
Orthoclase| KAISi 303 ﬂ 1.33 A differences too large

for substitution

7

Sodium . Sizes ok, but charges
. NaAlSi 308 atl m must be balanced
Plaglocl dase / from substitution.

H Done with Al and Si
Calclum | ALSi,0f Ca*2 |0.99/A| [ ™ ietaress
Plagioclase 2728 substitutions.




CALCIUM PLAGIONCLASE FELDSPAR

Framework Silicates

Properties

e Prismatic (2 directions of cleavage)
at right angles.

* Fractures in the third direction
* Iridescent dark gray color.

» Striations (fine parallel grooves like
on a record)

* Tends to be translusent.




CALCIUM PLAGIONCLASE FELDSPAR

Framework Silicates

Properties

Prismatic (2 directions of cleavage)
at right angles.

Fractures in the third direction
Iridescent dark gray color.

Striations (fine parallel grooves like
on a record)

Tends to be translucent.




SOoDIUM PLAGIONCLASE FELDSPAR

Framework Silicates

Properties

e Prismatic (2 directions of cleavage)
at right angles.

* Fractures in the third direction

» Striations (fine parallel grooves like
on a record)

* Tends to be translucent.




SOoDIUM PLAGIONCLASE FELDSPAR

Framework Silicates

Properties

e Prismatic (2 directions of cleavage)
at right angles.

* Fractures in the third direction

» Striations (fine parallel grooves like
on a record)

* Tends to be translucent.




ORTHOCLASE FELDSPAR (K-SPAR)

Framework Silicates

Properties

e Prismatic (2 directions of cleavage)
at right angles.

* Fractures in the third direction




ORTHOCLASE FELDSPAR (K-SPAR)

Framework Silicates

Properties

e Prismatic (2 directions of cleavage)
at right angles.

* Fractures in the third direction




ORTHOCLASE FELDSPAR (K-SPAR)

Framework Silicates

Properties




Bowen's REACTION SERIES

Anp THe leneous Rock Forming MINERALS

Ferro-Magnesivm Non-Ferro-Magnesiom
Mafic/ Minerals (Feldspar) Minerals
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A RANDOM SAMPLING OF THE
8 Rock FORMING MINERALS
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A RANDOM SAMPLING OF THE
8 Rock FORMING MINERALS
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A RANDOM SAMPLING OF THE
8 Rock FORMING MINERALS
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A RANDOM SAMPLING OF THE
8 Rock FORMING MINERALS

S

Ha;ﬁblende







A RANDOM SAMPLING OF THE
8 Rock FORMING MINERALS




