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MINERAL PROPER




Mineral:
naturally occurring (always)

a stfructure and a composition that give it defined
opic properties (always)




Classification (based on the dominant anion):
ates SO 2 - oxides O% - native (no anion)
s OH- - sulfides S%

- silicates SiO 2




Silicate classification: (based on polymerization)

- . olivine (most common mnl on Earth),
garnet

. epidote

cyclosilicates
chain silicates

sheet silicates
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Physical properties:
Habit: euhedral, subhedral, anhedral
Morphology: granular, tabular, prismatic

Transparency: transparent, franslucent, opaque
Metallic, submetallic, adamantine, resinous, vitreous, earthy

orcelain plate)




ATOMIC ARRAN
I\/\INERALOGICAL STRUCTUR




Close-packing: Arrangement of atoms with the same size that
minimizes void space.

yse packing:




The coordination number CN

&P ¢

tetrahedron octahedron
CN=4 CN=6



Pauling’s rule:
#1: the coordination polyhedron is defined by the ratio

Reation/ Rani
.I.
Bl cnion Rx/Rz Type

Hexagonal or
12 Cubic
Closest Packing

1.0 - 0.732 Cubic
0.732 - 0.414 Octahedral

Tetrahedral (ex.:
SiO*)

3 Triangular

0.414 - 0.225

Linear



Pauling’s rule:

ncy (e.v.) Principle: ev = Z/CN
al structure:



Pauling’s rule:

#3: Shared edges and faces of coordination polyhedra
ity of the crystal (because they reduced the




Pauling’s rule:

#5: The principle of parsimony: the numlber of different kinds of
: ents in a crystal tfends to be small because there are only
lons and anions sites.
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SYMMETRY AND G
AND CRYSTAL STRUCTURES




Definitions

: random point in a crystal structure
10sen as the point of highest symmetry) that can be
lon (and translation only)

-



» Primitive
> ing a parallelogram

>



=h corner + one lattice point in



: 3D
F: face-centered: One latffice point at each corner + one lattice
point in the middle of each faces. Contain 4 lattices points (or 4

orner + one lattice

N
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%
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>

(each corner is shared with 8 other cells and each fo4$hored
with 2 cells)



: the smallest divisible unit of a mineral that possesses the
symmeitry and properties of the mineral.

» Smallest repeatable unit

» Highest possible symmetry




CHAP. 3: SYMMETRY AND GROUPS, AND CRYSTAL
STRUCTURES

>

ORTHORHOMBIC

azbzc

HEXAGONAL

a=p=90°
y=120°

4 Tyl;)es of Unit Cell
= Primitive
I = Body-Centred
E = Face-Centred
C=Side-Centred

TRICLINIC +

7 Crystal Classes

b
azbzc — 14 Bravais Lattices

o pryz90°




Elements of symmetry
Rotations: 1 fold, 2 fold, 3 fold, 4 fold, 6 fold

~ Mirro

>

>
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THE 32 CRYSTAL CLA




Hermann-Mauguin symbols

e unique rotation axes present:

2m 2m 2m

2/m2/m2/m

Iz, 3, |

L |
Rhombic-dipyramidal class % 2im2mz2im




CHAP.4: THE 32 CRYSTAL CLASSES AND THE

MILLER INDICES

Orthorhombic

Tetragonal

Hexagonal

Isometric

| Sphenoidal

|Dumat1c

i, 1A 1m Prismatic
Rhombic-disphenoidal

mm2 (2mm) Rhombic-pyramidal

Ay Tetragonal- Pyramidal

2/m2/m2/m i, 3A2, 3m Rhombic-dipyramidal

Tetragonal-disphenoidal

l— l—
i, 1A, Im Tetragonal-dipyramidal
422 1A » 4A7 Tetragonal-trapezohedral
4mm 1A, 4m |Ditetragonal-pyramidal
1; iy 2A,, 2m Tetragonal-scalenohedral
4/m2/m2/m i, 1A, & 4A2, S5m |Ditetragonal-dipyramidal
3 1A, |Trigonal-pyramidal

[ |Rh0mbohedral

1A3,3A, |Tn gonal-trapezohedral

1A;, 3m |Dlmgonal -pyramidal
1 Ly 3A7, 3m Hexagonal-scalenohedral
Hexagonal-pyramidal
1 J'-"Ls |Trigonal-dipyramidal
6/m i, 1Ag, Im Hexagonal-dipyramidal
622 1Ag, 6A, Hexagonal-trapezohedral

6mm 6 0 |Dlhexazonal -pyram

18, 3A,,3m |Dlmg0na1 -dipyramidal
6/m2/m2/m i, 1Ag, 6A,, Tm |Dihexagonal-dipyramidal

23 3A2, 4A3 Tetaroidal

3A,,3m, 4.1 |Diploi 1
3A4, 4A3, 6A2 |Gyroidal

4 3m 3481, 4A,, 6m |Hextetrahedral

4/m32/m 3A, 48, 64, 9m Hexoctahedral




MILLER INDI

» Miller indices =



CHAP.4: THE 32 CRYSTAL CLASSES AND THE
MILLER INDICES

» Miller indices =

>
>
>
>




48 crystal forms
15 crystal forms in the isometric system & closed forms

3 nonisometric forms < open forms
> Pinacoid

>

>




CRYSTAL D
POLYMORPHISM VS ISOMORPHIS




Addition of element of symmetry via the intergrowth of 2
or more crystals

» Symmetry operatic

> \aNellelg ontc

> twin axis
Penetratiq ,

> twin point




Contact twin:
polysynthefic twinning — plagioclase
Swallow tail — gypsum

Alarwy ANTARF



fo the existence of polymorphs



Point defects:

Interstitial atoms: require a lot of energy and significant deformation




Linear defects = dislocations
Edge dislocation — addition of half of a plane

ation: favors the crystal growth.




= "many forms’: a single chemical compaosition
can exist with two or more different crystal stfructures.

e = polymorphic transformations:

C OW rates

/ e

/



C (carbon): diamond and graphite: reconstructive (explains the presence
of metastable diamond at the surface of Earth)

AI25|05 (alumino-silicate): andalusite — kyanite — silimanite: reconstructive
metamorphism zone)

calcite and vaterite:



“talse form”: infernal structure and chemical
composition is changed but its external form is preserved.

4 mechanisms:

> ituent replaced by others

>

>

i



: minerals with the same crystal
stfructure in which specific sites can be occupied by two or more
elements, ions, or radicals.

Ifutions:




iImple substitution (ex: olivine (Fe,MQ),SI0,)
. plagioclase NaAISi Og — CaAl Si Og)

(x-1)
6




