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Crystal systems

Cubic Three equal axes, mutually perpendicular
a=b=c o=p=y=90"

Tetragonal Three perpendicular axes, only two equal
a=b#¥c o=p=y=90"

Hexagonal Three equal coplanar axes at 120" and a fourth unequal
axis perpendicular to their plane
a=b#¥c o=p=90" y=120°

Rhombohedral | Three equal axes, not at right angles
a=b=c o=p=#90"

Orthorhombic | Three unequal axes, all perpendicular
a#b#c a=p=y=90"

Monoclinic Three unequal axes, one of which is perpendicular to the
other two
azb#c a=y=90"% p

Triclinic Three unequal axes, no two of which are perpendicular
azb#c  a# p##90°
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K;Cr,0; (Potassium Dichromate)
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plri) e s e a=p=v=90° a=b=c cubic s
CaF, -ZnS (rock salt)NaCl

TiO, assltill) 2] A 7y 9 u=p=7v=90° a=b#c Tetragonal «a3% &)
KH-PO, :Sn0O-

‘Hg$S ‘Mg a5 Sl o ) | a=p=90° 7 =120° a=b#c Hexagonal «a 3¥) (ol am
510, (silica)

‘Bi = 3=l «CaCO; —=—=dsl(Calcite) a=p=7£90° a=b=c Rhombohedral 4> ¥ =
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Three 4-fold rotation axes, coincident with
the three crystallographic axes.

Four 3-fold rotation axes, in diagonal
directions.

Six 2-fold rotation axes, bisecting the
angles between the crystallographic axes.

Three primary mirror planes (symmetry
planes), each one parallel to two
crystallographic axes.

Six secondary mirror planes bisecting the
angle between two primary mirror planes

while perpendicular to a third.

Center of symmetry.



xSall gé Ao olul) SN




11}
CUBE-- The cube is composed of 6 square faces at 90 degree

100
— angles to each other. Each face intersects one of the
/ crystallographic axes and is parallel to the other two.
3.2 Cube

OCTAHEDRON-- The octahedron is a form composed of 8
equilateral triangles. These triangle-shaped faces intersect all
3 crystallographic axes at the same distance, thus the form
notation of (111).

3.3 Qctahedron



DODECAHEDRON (Rhombic Dodecahedron) -- This form is
composed of 12 rhomb-shaped faces (fig. 3.4). Each of these
rhomb-shaped faces intersects two of the axes at equidistance
and is parallel to the 3rd axis, thus the notation {011}.

3.4 Dodecahedron
TETRAHEXAHEDRON-- This form has 24 isoceles triangular
faces. A cube that on each face has 4 equal-sized triangular
faces (fig. 3.5) that have been raised from the center of the
cube face. Each triangular face has its base attached to the
edge of the cube and the apex of the two equal-length sides
3.5 Tetra hexa hedron rises to meet the 4-fold axis. Because of the variation of
: inclination to this axis, there exists a number of possible

tetrahexahedral forms, but all meet the general notation of
{Ohl}.

Cube and
Tetrahexahedron



3.7 Trapezohedrons

3.9 Trisoctahedron

TRAPEZOHEDRON (Tetragon-trisoctahedron) -- This form
has 24 similar trapezium-shaped faces. If my Webster's is
correct, a trapezium is a 4-sided plane that has no sides
parallel. Each of these faces intersects a crystallographic axis
at a unit distance and the other two axes at equal distances,
but those intersections must be greater than the unit

distance. It sounds pretty complicated, but see the drawing
(fig. 3.7).

TRISOCTAHEDRON (Trigonal Trisoctahedron ) -- This is
another 24-faced form, but the faces are isoceles triangles.
Each face intersects two crystallographic axes at unity, and
the third axes at some multiple of unity.



311 Hexocta hedron

HEXOCTAHEDRON-- This form has 48 triangular faces, 6 faces
appearing to be raised from each face of a simple octahedron.
These may be envisioned by drawing a line from the center of
each of the 3 edges of an octahedral face, through the face
center to the opposite corner. Repeat this for the remaining 7
faces of an octahedron and you have a hexoctahedron (fig.
3.11).
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The tetragonal prisms. There are 3 of these open
forms consisting of the 1st order, 2nd order, and
ditetragonal prisms. Because they are not closed
forms, a simple pinacoid termination, designated
as c. The pinacoid form intersects only the c axis,
so its Miller indices notation is (001). It is a simple
open 2-faced form.

Figjure 4.2a

The ditetragonal prism (210)
may easily be confused with
the combination form of the
first and second order prisms,

u_. = especially if they are equally

: developed. But compare the

J![ = orientation of the
s ditetragonal prism to the a
Figure 4.2 axes in relation to the

Figure 4.3

combination form.
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The tetragonal pyramid is an open form with
only a 4-fold axis of rotation corresponding to
the c axis (fig. 4.14). No center of symmetry or
mirror planes exist in this class.

Figure 4.14

An open form in this system is the ditetragonal
pyramid, whose general notation is {hkl} (fig.
4.10). This form has no symmetry plane in
relation to the 2 horizontal a axes. The
symmetry notation is 4mm. The pedion will be
a single face perpendicular to the c axis that
Figuré-q.m "cuts off" the sharp termination of the

Ditetragonal ditetragonal pyramid.
yramid
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The bipyramid is a closed form
whose plane intersects all three
axes. There are 3 types of
bipyramids, corresponding to the
three types of prisms.

Note the orientation to the axial
cross (fig. 4.4, the common {111}
Figure 4.4 form). The second order dipyramid
has the basic shape as the form of
the first order dipyramid, differing
only in its orientation to the axial
cross (fig. 4.5, the common {011}
form).

Figure 4.5



S 2 A skl Jledy)

The ditetragonal bipyramid Is a closed
termination form having 16 faces (fig. 4.7).
The general symbol is {hkl}. The
ditetragonal prism is often combined with
the 1st order prism. In figure 4.7, although
the prism is not present and therefore is
simply at the junction of the two faces, we
have marked its position if it had been
expressed by an arrow and the letter m.
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Pedion

Fhombic Prsm

Fhombic Pyranud

Fhombic Dipyranud

Fhombic Disphencid
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The pinacoid consists of 2 parallel
faces, and can occur in the 3 different
crystallographic orientations. These
are the pair that intercept the c axis
and are parallel to the a and b axes
{001}; the pair that intercept the b axis
and are parallel to the a and c axes
{010}; and the pair that intercept the a
3 axis and are parallel to the b and c
pinacoid axes {100}. They are called the c
pinacoid, the b pinacoid, and the a

pinacoid, respectively (fig. 5.3).

Q ¢ piracoid

' 001

b piracoid Figure =3
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The rhombic prism, an open form,
_ consists of 4 faces which are
5.4a Prism {110} and . .
pinacoid {001} parallel to 1 axis and intersect the
other two. There are 3 of these
rhombic prisms and they are given
by the general notational forms:
{hk0}, which is parallel to the ¢
5.4b Prism {101} and axis; {hOl}, which is parallel to the
pinacoid {010} b axis; and {Okl}, which is parallel
to the a axis. Figure 5.4 a,b,c
present the 3 rhombic prisms,
each in combination with a
corresponding pinacoidal form.
Only the positive face of the

5.4c Rhombic prism rhombic prism is labeled in these
{011} and pinacoid {100}
examples.
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The rhombic bipyramid is
designated by the general form
{hkl} and consists of 8 triangular
faces, each of which intersects
all 3 crystallographic axes. This
pyramid may have several
different appearances due to
the variability of the axial
lengths (figs. 5.6 a,b,c).

5.6a Rhombic dipyramid

All the Forms of the highest
symmetrical Class can be

derived from this Basic Form.

5.6¢ Sulfur crystal
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C — The system of crystallographic
axes (red lines) for the
¢ (description of the) Monoclinic

-a Crystal System.
B L The c+ c- axis is the Vertical Axis.
b o The b+ b- axis is the Ortho Axis.
\f The a+ a- axis is the Clino Axis.
The vertical axis and clino axis
" are not perpendicular to each

other : an oblique angle (as
indicated) obtains between them.

Figjure 7.1

Figure 7.3
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Figure 7.2
diametrical prism

In the 2/m symmetry class,
there are 2 types of forms,
pinacoids and prisms.

A pinacoid form consists of 2
parallel faces (open form).

The a pinacoid is also called the
front (used to be called the
orthopinacoid), the b is called
the side pinacoid (used to be
called the clinopinacoid), and
the ¢ is termed the basal
pinacoid.
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The 4-faced prism {hkl} is the general form. A monoclinic prism is
shown in Figure 7.4. The general form can occur as two
independent prisms {hkl} and {-hkl}.

Some illustrations of some relatively common monoclinic minerals.
In these drawings you should recognize the letter notation where
a, b, and c are the pinacoid forms (the diametrical prism,
remember?); m is the unit prism and z is a prism; o, u, v, and s are
pyramids; p, x, and y are orthodomes; and n is a clinodome.

Monaelinle System

T

Monoclinic

Figure 7.4

Prism Priam Clinopinacold
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A form consisting of four faces, a
negative hemipyramid. When we subject
the face a : b : -c to these same symmetry
elements we get a second Form, also
consisting of four faces, a positive
hemipyramid. Each of these Forms is
an open Form, implying that they can only
exist in real crystals in the form
of combinations such that the whole face
configuration is now closed. When we
combine these two Forms with each
other a closed figure will emerge, a
bipyramid, called a monoclinic pyramid.
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(a) (b)

Pedion Pinacoid

() A

Dome Sphenoid
Dihedrons

Figure 2.31 Crystal forms in the nonisometric crystal systems. (@) Pedion. (b) Pinacoid. (¢) Dihedrons (dome and sphenoid).
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Figure 8.3 Triclinic pinacoids, or parallelohedrons

There are 3 general types of pinacoids: those that intersect
only one crystallographic axis, those that intersect 2 axes, and
those that intersect all 3 axes. The first type are the pinacoids
{100}, {010}, and {001}. The {100} is the front pinacoid and
intersects the a axis, the {010} is the side or b pinacoid and
intersects the b axis, and the {001} is the ¢ or basal pinacoid
and intersects the c axis. All of these forms are by convention
based on the + end of the axis.

The second type of pinacoid is termed the {Okl}, {hOl}, and
{hkO} pinacoids, respectively. The {Okl} pinacoid is parallel to
the a axis and therefore intersects the b and c axes. It may be
positive {Okl} or negative {0-kl}. The {hOl} pinacoid is parallel to
the b axis and intersects the a and c axes. It may be positive
{hOl} or negative {-h0l}. Finally, the {hkO} pinacoid is parallel to
the c axis and intersects the a and b axes. It may be positive
{hk0} or negative {h-kO}.

The third type of pinacoid is the {hkl}. There exist positive right
{hkl}, positive left {h- kl}, negative right {-hkl}, and negative left
{-h-kl}. Each of these 2-faced forms may exist independently of
the others. Figure 8.3 shows some of the pinacoidal forms in
this class. A number of minerals crystallize in the -1 class
including plagioclase feldspar pectolite, microcline, and
wollastonite.
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The Normal or Dihexagonal dipyramidal class has 6-fold symmetry around the
c or vertical axis. It also has 6 horizontal axes of 2-fold symmetry, 3 of which
correspond to the 3 horizontal crystallographic axes and 3 which bisect the

angles between the axes. 62°/mN
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There are 7 possible forms present in the Dihexagonal bipyramidal class:
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The first and second order prisms cannot be
distinguished from one another, as they each
appear as a regular hexagonal prism with
interfacial angles of 60 degrees, but when
viewed down the c axis, as in the figure, the
relationships of the two forms to each other
and to the a axes are readily noted.
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{1010} (1130} {2130}

First order hexagonal prism Second order hexagonal Dihexagonal prism and ¢
and ¢ pinacoid prism and ¢ pinacoid pinacoid
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Corresponding to the 3 types of prisms are 3 types of pyramids. The dihexagonal
bipyramid is a double 12-sided pyramid. The first order pyramid is labeled p. The
second order pyramid is labeled s. The dihexagonal bipyramid is labeled v.

{1071} {1122) (2131)

15t order hexagonal bipyramid 2"d order hexagonal bipyramid Dihexagonal bipyramid
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In the Hexagonal Trapezohedral class, the symmetry axes are the same as the
Normal (dihexagonal dipyramidal class), but mirror planes and the center of
symmetry are not present. Two enantiomorphic (mirror image) forms are present,
each having 12 trapezium-shaped faces.

J——— upper polar corner

% i
2r

T Jower polar corner

Rictht The Rhombohedron
Left IJ Its zig-zag middle edges are shown in bold blue.



Hexagonal or Trigonal System

L
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Four axes of symmetny;

Three of the axes are of equal
length and lie in planes at 120°
from each other. The fourth axis
is perpendicular {at 90°) to the

hexagonal prism

three axes and is shorter or
longer length.

_--"_'_F.

examples: beryd {including emeralds),
cacite .corundum {ruby & sapphire)
dolomite, hematite, ice, quartz,
siderite, tourmalineg, Zincite

The Ditrigonal Scalenohedron.

) U B 4 sl ey

combined hexagonal
hexagonal scalenohedron
scaenohedron and rhomhbhohedron

calcite
crystal forms

hexagonal
rhombohedron

The four crystallographic axes are drawn in red.
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Tourrrialing Crystal

the ditrigonal prism, which is a
6-sided open form. This form
consists of 6 vertical faces
arranged in sets of 2 faces.

rhombohedron Hexagonal-scalenohedral class

with the symmetry - 23/m.
There are two principal forms in
this class:

the rhombohedron and
the hexagonal scalenohedron.

In this class, the 3-fold
rotoinversion axis is the vertical
axis (c) and the three 2-fold
rotation axes correspond to the

three horizontal axes (al, a2, a3).

Trigonal-trapezohedral class



System

The Isometric System

The Tetragonal System
The Hexagonal System
The Orthorhombic System
The Monoclinic System

The Triclinic System
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