CHAPTER 4: THE 32 CRYSTAL
CLASSES AND THE MILLER
INDICES
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4 Tyl?es of Unit Cell
= Primitive
I = Body-Centred
F = Face-Centred
C=SideCentred

+
7 Crystal Classes
— 14 Bravais Lattices




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

Mirror




Part 1: the 32 crystal classes

> indices and crystal forms




CLASSES




n crystals there are 32 possible combinations of symmetry
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the ditetragonal dipyramidal class



Hermann-Mauguin symbols or international symbols are used 1o
es from the symmetry content.
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Hermann-Mauguin symbols or international symbols are used to
describe the crystal classes from the symmetry content.

Rhom DIC-AIPY

2m 2m 2m

i 3Ag, 3,
2/m2/m2/m B 2/rn 2/ 2/m







HERMANN-MAUGUIN SYMBOLS




HERMANN-MAUGUIN SYMBOLS

Rhombic-
pyramidal
class




HERMANN-MAUGUIN SYMBOLS

Ditetragonal-
dipyramidal class

1Aq, 45, 5N, |
4/m 2/m2/m




HERMANN-MAUGUIN SYMBOLS

Cube
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HERMANN-MAUGUIN SYMBOLS

4/m32/m

hexoctahedral
crystal class.
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Triclinic | 1_ |none |Pedia1
| 1 |i |Pinac0idal
|2 | 1A, |Sphen0idal
Monoclinic |m | Im |D0matic
|2/m |i, 1A,, Im |Prismatic
|222 |3 A, |Rhombic—disphen0idal
Orthorhombic |mm2 (2mm) |1 A,,2m |Rh0mbic—pyramidal
|2/m2/m2/m |i, 3A,,3m |Rh0mbic-dipyra.midal
|4 | 1A, |Tetragonal- Pyramidal
21 | _IEL 4 |Tetrag0nal—disphenoidal
|4/m |i, 1A, Im |Tetrag0nal—dipyramidal
Tetragonal |422 | 1A, 4A, |Tetragona1—trapezohedral
|4mm |1 A 4 4m |Ditetrag0nal-pyramidal
21 2m | 1 .;EL 4 2A,,2m Tetragonal-scalenohedral
|4/m2/m2/m |i, 1A 4 4A2, Sm |Ditetrag0na1—djpyramida1
|3 | 1A, |T1i gonal-pyramidal
| ? | 1 _IEL3 |Rh0mb0hedral
|32 |1A3, 3A, |Trig0nal-trapezohedral
|3m |1A3, 3m |Ditrigona1—pyramidal
| ?2/m | 1 33, 3A,,3m |Hexag0nal—scalenohedral
|6 | 1A4 |Hexag0nal-pyra.midal
Hexagonal —
& |1A6 |Tn'g0nal-dipyramidal
|6/ m |i, 1A4 Im Hexagonal-dipyramidal
|622 |1 A & 6A2 Hexagonal-trapezohedral
|6mm |1A6, 6m |Dihexagonal-pyramidal
émZ |1"E"6’ 3A,,3m |Ditrig0na1—dipyramida1
|6/m2/m2/m |i, 1A, 6A,, Tm |Dihexagonal-dipyramidal
|23 |3A2, 4A, Tetaroidal
|2/m? |3A2, 3m, 44, |Diploidal
Isometric |432 |3A4, 4A4, 6A, |Gyr0idal
| Zl 3m |3 ...Ex. 4 445, 6m Hextetrahedral
|4/m?2/m |3A4, 48 6A,,9m |Hexocta_hedral




32 crystal classes in 6 (or 7) crystal systems:

» Tetragonal syst.: One A, C
» Orthorhombic syst.: several A,, or af least one A, anc
» Hexagonal syst.:
» Trigonal: One A; or AT3
» Hexagonal: One A, orK6
» Monoclinic syst.: one A,, one m, or both
» Triclinic syst.: A or A,

ORTHORHOMBIC 7~
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A, orx1

Pedial class: 1
mmeftry

(317 minerals)
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two fold axes or a 2-fold axis and 2 mirror planes

Rhombic-disphenoidal class: 222 Dipyramidal class: 2/m2/m2/m
[ 2 3A2, 3m, |

> e : Jalusite, anthophyllite,

(88 minerals) ; /}/.

> (577 minerals)

(133 minerals)




A, orx4

Tetragonal-pyramidal class: 4 Dipyramidal class: 4/m :

4

1A, . 1A, Tm, | A
> ; Scheelite and ‘n
apolite .
(5 minerals) \g

(171 minerals)

>

(9 minerals) (23 minerals)




A, orK4

Ditetragonal-pyramidal class: 4mm Ditetragonal-dipyramidal
1A, 4m 4 class: 4/m2/m2/m
41

iR 1A, 4A,, 5m, |

, Ex.. anatase, cassiterite,
] lite, zircon, and

anosite




A,or A,
Trigonal-pyramidal, 3: 1A; (Simpsonite)

Rhombohedral, 3: 1A, (limenite)
Trigonal-trapezohedral, 32: 1 A;, 3A, (Quartz)
Ditrigonal-pyramidal, 3m: 1 A;, 3m (Feruvite)
Hexagonal-scalenohedral, 32/m: 1A, 3A,, 3m (Calcite)

exagonal-pyramidal, 6: 1A, (Nepheline)
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4A, or 4&

Tetaroidal, 23: 3A,, 4A; (Melliniite)
Diploidal, 2/m3: 3A2, 3m, 4A, (Pyrite)
> 3A,, 4A,, 6A, (Petzite)

>

>
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Trigonal Pyramidal Class

] News | Help | About‘

New Items] [Specials] [Login] [Register] [Auction Items

B &L Mi Is, Fine Mineral

1s for sale for collectors of all levels

(]

Navigation

rigonal Pyramidal Class

Axial Configuration

Trigonal - Pyramidal Class (3) Mineral Species Listing

Paper Model

Click on image to view or print the PDF file. Go
to Help file for more Information |

AXES Hermann-
System |Class Name Planes | Center | Maugin
Symbols
2-Fold | 3-Fold |4-Fold | 6-Fold
Trigonal | Pyramidal |- 1 - - - 3

40 Minerals From the H-M Class Trigonal - Pyramidal (3)

/A

Mineral Space Grp a c ¥4 Vol (Ang3) Calc Dens
Aktashite R3 13.7200 9.3200 3 1519.3 5.47
Averievite P3 6.3750 8.3990 1 295.6 4.01
Bechererite P3 [[8.3220 7.3760 1 442.4 3.50
([Belovite-(Ce) P3 9.6920 7.2010 2 585.8 4.23
([Benstonite R3 18.2800 8.6700 3 2509.0 3.61
([Biachellaite P3 12.9130 79.6050 16 |[11495.4 2.71
([Bottinoite P3 16.0450 9.7840 6 2181.4 2.81
Brandholzite P3 16.1140 9.8630 6 2217.9 4.62
Cappelenite-(Y) P3 10.6700 4.6800 1 461.4 4.84
Carlinite R3 12.1200 18.1750 27 [231241 8.55
Deloneite-(Ce) P3 9.5100 7.0100 2 549.1 3.84
Diversilite-(Ce) R32 10.7080 60.0730 6 5965.2 3.80
Dixenite R3 8.2330 [37.4900 3 2200.7 4.36







MILLER INDICES

DODECAHEDRON OCTAHEDRON 20-HEDRON




MILLER INDICES
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MILLER INDICES

» Miller indices: In parentheses, no
fractions




MILLER INDICES

» Miller indices: in parentheses, no fractions



MILLER INDICES

(2a, b/3, c/2)
=>(1/232)

» Miller indices: in parentheses, no fractions



MILLER INDICES

(2a, b/3, c/2)
=>(1/232)
=>(164)

» Miller indices: in parentheses, no fractions



MILLER INDICES
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MILLER INDICES

(110)
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(111)




MILLER INDICES
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MILLER INDICES
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CRYSTAL FORMS




Isometric system

AY












CRYSTAL FORMS




garnet

CRYSTAL FORMS Podecahgdron

>

Tetrahedrer

Tristetra ron



Dodecapgdron

Isometric system

cube

<=

= | pyritohedron

0

Tetartefd ™  Di

chalcopyrite

Trapez

cobaltite

......

diamond

tetrahedrite

‘ ,..‘o, "

Tristetrahedronis " Hextetrahedro



CRYSTAL FORMS

Pinacoid (m or A2)

Dihedron (m or A2).

7

Pyramid




CRYSTAL FORMS

>

Ditrigonal Tetragonal

Set of faces all
parallel to the Ax

symmetry axis

Trigonal . Ditetragonal /
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Dihexagonal




CRYSTAL FORMS




CRYSTAL FORMS
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CRYSTAL FORMS

Rhombohedron

Ditetragonal
Scalenohedron

Trapezohedron

Tetragonal |

Trapezohedron

Scalenohedron

Trapezohedron

Disphenoid: “distorted”
tetrahedron with isocele
triangles.

Scalenohedron: A solid made up
of triangle faces (all sides
unequal)

Trapezohedron: A solid made of
trapezia

Rhombohedron: “distorted” ¢
along one of its diagonal t
fold symmeftry axes.



CRYSTAL FORMS

>

P}‘ﬁtol!h)/
(Pentagonal Dodecahedron)




CRYSTAL FORMS

>

Trapezohedral
Trstetrahedron

Trngonal Hextetrahedron
Trnstetrahedron




CRYSTAL FORMS




/ crystal systems
14 Bravais lattices
32 crystal classes (or point groups)

> of crystal faces related by the same




