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Introduction 

 

Mineralogy is the study of minerals. It is a subject of geology that deals with the crystal 

structure and chemical, physical and optical properties of minerals. It also includes the 

description of properties of minerals, that branch is called descriptive mineralogy. 

Crystallography is a subset of mineralogy that need special attention. The minerals are made 

up of atoms and molecules in an orderly fashion. This ordered manner will reflect in the 

appearance and other properties of minerals. Crystallography mainly deals with the 

symmetry, classification and forms of crystals. The symmetry elements can be represented 

by stereographic projections. 

The remaining portions of mineralogy are divided as crystal chemistry and physical and 

optical properties, structure and description of silicates and non-silicates. Silicate minerals 

are the important rock-forming minerals. While non-silicate forms economically important 

deposits. 

X-ray diffraction (XRD) is used for the identification of mineral phases by determining the 

crystal structure. 
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Chapter 1 

Crystallography– symmetry and crystal systems 

 

JAM year Weightage (Marks) 

2020 2 

20177 3 

2016 1 

2015 2 

Average 2 
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Chapter 1 

Crystallography– symmetry and crystal systems 

 

1.1. Crystallography - Introduction 

 

• Crystallography the branch of science concerned with the structure and properties of 

crystals. 

• Minerals are regular and repeating structures that display some degree of symmetry. This 

symmetry reflects the symmetrical arrangement of crystal faces and the internal structure of 

crystals. 

• Symmetry operations are divided into two groups, 

o Those involve translation or repetition of a motif through a volume 

o Those involve repetition of a motif around a point 

• A lattice is an ordered array of points describing the arrangement of particles that form a 

crystal 

 

1.2. Plane lattice 

 

• Plane lattices are two-dimensional lattices. 

• Repeated translations of spots in two dimension create a plane lattice. 

• The spots represent the lattice nodes 

 
• The five different plane lattices that can be produced by simple translation in two 

dimensions are the square, rectangle, diamond or centered rectangle, hexagonal and oblique 

plane lattice. The five plane lattices comprise only four fundamental different shapes called 

unit meshes. These are square, rectangle, rhombus and parallelogram. 

• Diamond plane lattice has a centered (C) unit, other four have primitive (p) unit meshes. 

 

1.3. Space lattice 

 

• A regular indefinitely repeated array of points in three dimensions in which the points lie at 

the intersections of three sets of parallel equidistant planes 

• If the two-dimensional plane lattices are systematically repeated one above the other to 

allow for a translation vector in the third dimension results in the formation of a space lattice. 
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A triclinic space lattice 

 

 

1.4. Unit cell 

 

• The unit cell is defined as the smallest repeating unit having the full symmetry of the crystal 

structure. 

• The volume outlined by lattice nodes of a space lattice is known as the unit cell. 

• The edges of the unit cells are parallel to ‘crystal axes’ (a, b and c) and these axes intersect 

at a point called the ‘origin’. 

 

• The crystal axes have positive and negative ends 

                axes 

 

Positive/negative 

a B c 

Positive To the 

front 

To the 

right 

Upward 

Negative To the 

back 

To the left downward 
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• The angle between b and c →    

The angle between a and c →    

The angle between a and b →    

 
 

1.5. Bravais Lattice and Crystal system 

• Bravais lattice is any of 14 possible three-dimensional configurations of points used to 

describe the orderly arrangement of atoms in a crystal. 

• The five plane lattice can be repeated in three-dimensions to produce 14 different space 

lattices. 

• Not all lattice points need coincide with unit cell vertices. Primitive unit cells use every 

lattice point as a unit cell vertex. Non-primitive unit cells, however, contain extra lattice 

points not at the corners. 

• Non-primitive unit cells are divided into, 

▪ Body-centred (I) unit cells 

▪ Face centred (C) unit cells 

▪ Face centred (F) unit cells 

• Primitive (P) unit cells contain lattice nodes only at the corners. 

Body-centred (I) unit cells contain an additional lattice node at the centre 

Face centred (C) unit cells contain lattice nodes on the corners and two opposite sides 

Face centred (F) unit cells contain lattice nodes at the corners and the centre of each face. 

 
 

• Crystal systems 

o The primary method of classification of crystals. 

o 14 Bravais lattices are grouped into six groups based on the shape of the unit cell. These are 

called crystal systems. 
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o Six crystal systems are 

• Isometric system 

• Tetragonal system 

• Hexagonal system 

• Orthorhombic system 

• Monoclinic system 

• Triclinic system 

• 14 Types of Bravais Lattices 

o Out of 14 types of Bravais lattices some 7 types of Bravais lattices in three-dimensional 

space are listed in this subsection. Note that the letters a, b, and c have been used to denote 

the dimensions of the unit cells whereas the letters 𝛂, 𝞫, and 𝝲 denote the corresponding 

angles in the unit cells. 

Isometric (Cubic) Systems 

o In Bravais lattices with cubic systems, the following relationships can be observed. 

a = b = c 

𝛂 = 𝞫 = 𝝲 = 90o 

o The 3 possible types of cubic cells are, 

 

 
o These three possible cubic Bravais lattices are, 

• Primitive (or Simple) Cubic Cell (P) 

• Body-Centred Cubic Cell (I) 

• Face-Centred Cubic Cell (F) 

o Examples: Polonium has a simple cubic structure, Iron has a body-centred cubic structure, 

and copper has a face-centred cubic structure. 

Tetragonal Systems 

o In tetragonal Bravais lattices, the following relations are observed: 

a = b ≠ c 

𝛂 = 𝞫 = 𝝲 = 90o 

o The two types of tetragonal systems are simple tetragonal cells and body-centred tetragonal 

cells,  
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o Structure of Tetragonal Bravais Lattice 

Orthorhombic Systems 

o The Bravais lattices with orthorhombic systems obey the following equations: 

a ≠ b ≠ c 

𝛂 = 𝞫 = 𝝲 = 90o 

o The four types of orthorhombic systems are, 

 

 
 

 

 

Monoclinic Systems 

o Bravais lattices having monoclinic systems obey the following relations: 

a ≠ b ≠ c 

𝞫 = 𝝲 = 90o and 𝛂 ≠ 90o 

o The two possible types of monoclinic systems are primitive and base centred monoclinic 

cells,  
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Triclinic System 

o There exists only one type of triclinic Bravais lattice, which is a primitive cell. It obeys the 

following relationship. 

a ≠ b ≠ c 

𝛂 ≠ 𝞫 ≠ 𝝲 ≠ 90o 

o An illustration of a simple triclinic cell. 

 
Hexagonal (Rhombohedral) System 

o Only the primitive unit cell for a rhombohedral system exists. Its cell relation is given by: 

a = b = c 

𝛂 = 𝞫 = 𝝲 ≠ 90o 

o An illustration of the primitive rhombohedral cell is  

 
o Hexagonal System 

o The only type of hexagonal Bravais lattice is the simple hexagonal cell. It has the following 

relations between cell sides and angles. 

o a = b ≠ c 

o 𝛂 = 𝞫 = 90o and 𝝲 = 120o 

o An illustration of a simple hexagonal cell is provided below. 

 
o Thus, it can be noted that all 14 possible Bravais lattices differ in their cell length and angle 

relationships. It is important to keep in mind that the Bravais lattice is not always the same 

as the crystal lattice. 
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1.6. Point symmetry 

• Point symmetry deals with how a motif can be repeated about a point. 

• Motifs can be crystal faces or a particular arrangement of atoms that makes up the structure 

of a mineral. 

• Point symmetry operations are, 

• Reflection 

• Rotation 

• Inversion 

• Rotation 

o Rotational geometry involves repeating a motif by a set of uniform rotations about an axis. 

o Notation of rotation is ‘A’.  

o A1 or 1-fold symmetry is essentially no symmetry. 

o Rotation of order 5  → not compatible with translation symmetry (quasicrystals) 

o Symbols  

 
• Reflection 

o A reflection is produced by a mirror plane that passes through a crystal structure so that the 

pattern on one side is a mirror image of the pattern on the other. 

o Reflection symmetry is indicated by the letter ‘m’. 

o Monoclinic crystal system has only one plain of symmetry while the triclinic system has 

none. 

 
• Inversion 

o If a crystal has inversion or centre of symmetry, any line drawn through the origin will find 

identical features equidistant from the origin on opposite sides of the crystal. 

o Inversion symmetry is indicated by the letter ‘i’. 

Compound symmetry operations 

 

 

 

 

SAMPLE 

 

 

 

 

SAMPLE 



© Career Avenues   A 12   
 

• Rotoinversion  

o Rotoinversion is the combination of rotation axes and inversion. 

o There are 1, 2, 3, 4 and 6 fold rotoinversion axes and these are indicated as

1 2 3 4 6, , ,         A A andA A A  . 

o 1-fold rotoinversion axis (
1 A ) means, the motif is repeated at 3600 rotation, followed by 

inversion through the centre. This is same as a simple inversion.  

So, 
1 A = i 

o 2-fold rotoinversion axis (
2 A ) is produced by a rotation of 1800 followed by inversion 

through the centre. It is same as a mirror plane at right angles to the rotoinversion axis. 

So, 
2 A = m 

o 3-fold rotoinversion axis (
3 A ) is produced by rotation of 1200 followed by inversion through 

the centre. The net result is to produce a crystal with a conventional 3-fold rotation axis that 

also possess centre symmetry 

3 A = 3 A + i 

o 4-fold rotoinversion axis (
4 A ) involves 900 rotation followed by inversion through the 

centre. 
4 A cannot be duplicated with combinations of other simpler symmetry operations. 

o 6-fold rotoinversion axis (
6 A ) involves 600 rotation followed by inversion through the 

centre. 

6 A is same as a 3-fold rotation axis at right angle to a mirror. 

6 A = 3A m+   

 

 
 

1.7. Symmetry notation 

 

• Symmetry symbols can be used to refer the symmetry operations. 

• Centre of symmetry is indicated as ‘i’. 

• Mirror plane is indicated as ‘m’. For example, 3m → crystal possess 3 mirror planes 

• Axis of symmetry is indicated as ‘A’. For examples, 2A3 →crystal possesses two 3-fold 

axes of symmetry. 

 

1.8. Point group 

 

• There are 32 possible combinations of symmetry operations called the point groups. 

• Each point group defines a crystal class. 

• Each point group will have crystal faces that define the symmetry of the class (the crystal 

forms) 

• Name of point group (crystal class) and their Herman-Magauin symbol 
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Crystal system Crystal class/ point 

group 

Name of the class 

Triclinic 1 Pedial 

1   Pinacoidal 

Monoclinic 2 Sphenoidal 

m Domatic 

2/m Prismatic 

Orthorhombic 222 Rhombic-disphenoidal 

mm2 or 2mm Rhombic-pyramidal 

2/m2/m2/m Rhombic-dipyramidal 

Tetragonal 4 Tetragonal-pyramidal 

4   Tetragonal-disphenoidal 

4/m Tetragonal-dipyramidal 

422 Tetragonal-trapezohedral 

4mm Ditetragonal-pyramidal 

4 2m Tetragonal-scalenohedron 

4/m2/m2/m Ditetragonal-dipyramidal 

Hexagonal 3 Trigonal-pyramidal 

3   Rhombohedral 

32 Trigonal-trapezohedral 

3m Ditrigonal-pyramidal 

3 2/m Hexagonal-scalenohedral 

6 Hexagonal-pyramidal 

6   Trigonal-dipyramidal 

6/m Hexagonal-dipyramidal 

622 Hexagonal-trapezohedral 

6mm Dihexagonal-pyramidal 

6 m2 Ditrigonal-dipyramidal 

6/m2/m2/m Dihexagonal-dipyramidal 

Isometric 23 Tetaroidal 
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2/m 3  Diploidal 

432 Gyroidal 

4 3m Hextetrahedral 

4/m 3 2/m Hexoctahedral  

 

 

o Symmetry elements of point groups 

 
• Hermann-Mauguin notation 

o Hermann–Mauguin notation is used to represent the symmetry elements in point groups. 

o m - mirror planes 

1, 2, 3, 4, 6 - rotational axes (1-fold, 2-fold, 3-fold….etc.) 
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1, 2, 3, 4, 6 - rotoinversion axes (1-fold, 2-fold, etc.) 

i – Inversion 

• Determination of Hermann-Mauguin notation: example 

o Hermann-Mauguin notation of an orthorhombic crystal 

 
o There are three 2-fold axes of symmetry; three planes of symmetry; the centre of symmetry.  

o Step I: Write down a number representing each unique rotational axis. 

222   
o Step II: Write an ‘m’ for every unique mirror plane. 

2 2 2m m m   

o Step III: since the mirror planes are perpendicular to the axes of symmetry, add a ‘slash (/)’ 

in between them. 

2 / 2 / 2 /m m m    

 

• Steno’s law (law of constancy of interfacial angles) 

o This law states that the angle between adjacent corresponding faces is interfacial angles of 

the crystal of a particular substance is always constant in spite of different shapes and sizes 

and mode of growth of the crystal. 

 
The figure shows that the angle between faces does not change 

 

• Measurement of crystal angles 

o Crystal angles can be measured with an instrument called a goniometer. 

o Simple contact goniometer 
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1.9. Space group 

 

• The space group represents the combination of the point symmetry with translational 

symmetry. 

• Combinations of point symmetry and simple translation yield 73 space groups. The addition 

of glide planes and screw axes yield 157 additional space groups. So there are a total of 230 

space groups. 

• A glide is produced by a combination of translation a specific distance and direction 

followed by a reflection by a mirror plane called glide plane.  

• A silicon tetrahedra chain in pyroxenes shows how a glide operates. #image 

• Glide planes, if present in a mineral, must be parallel to mirrors represented by the point 

group symmetry. 

• A screw is produced by a combination of translation a specific distance and direction 

followed by a rotation. The axis about which rotation occurs is called the screw axis. 

 

1.10. Crystal faces 

 

• A planar surface developed on a crystal during its growth.  

• Crystal faces tend to parallel planes of high lattice-point density (Bravais' law) with the 

result that they make rational intercepts with the crystallographic axes and may be assigned 

rational indices, e.g., (hkl). 

• Law of Hauy→crystal faces makes simple rational intercepts on crystal axes. 

• Law of Bravais →common crystal faces is parallel to lattice planes that have high lattice 

node density. 

 

1.11. Axial ratio 

 

• Axial ratios are defined as the relative lengths of the crystallographic axes.  They are 

normally taken as relative to the length of the b crystallographic axis.  Thus, an axial ratio 

is defined as follows: 

Axial Ratio =  / : / : /a b b b c b   

Or  

Axial Ratio = / :1: /a b c b   

• For example, 
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For orthorhombic sulfur, the unit cell dimensions as measured by x-rays are:  

a  = 10.47Å 

b = 12.87Å 

c = 24.39Å 

Thus, the axial ratio for orthorhombic sulfur is: 

10.47/12.87 : 12.87/12.87 : 24.39/12.87 

or 

0.813 : 1 : 1.903 

 

1.12. Parameters and Miller Index 

 

• Weiss parameter 

o Weiss Parameter gives an approximate indication of the orientation of faces with respect to 

the crystallographic axes and was used as a symbol for the face. 

o Example: 

A crystal face intersects two of the crystallographic axes. 

 

As an example, the darker crystal face shown here intersects the ‘a ‘and ‘b’ axes, but not the 

c axis.   

 
Assuming the face intercepts the ‘a’ and ‘c’ axes at 1 unit cell length on each, the parameters 

for this face are 1a, 1b,   c. 

 

• Miller indices 

o Miller index is a system to describe the orientation of crystal faces and crystallographic 

planes. 

o The orientation of a surface or a crystal plane may be defined by considering how the plane 

(or any parallel plane) intersects the main crystallographic axe. 

o • (h,k,l) represents a point ( note the exclusive use )of commas 

• Negative numbers/directions are denoted with a bar on top of the number 

• [hkl] represents a direction 

• <hkl> represents a family of directions 

• (hkl) represents a plane 

• {hkl} represents a family of planes 

o Determination of Miller index of a plane 

▪ Step I: Determine the intercepts (a,b,c) of the plane along the crystallographic axes, in terms 

of unit cell dimensions. 

▪ Step II: Take the reciprocals of the intercepts. 

▪ Step III: Clear fractions and reduce to lowest terms by multiplying each intercept by the 

denominator of the smallest fraction. 
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▪ Step IV: If a plane has negative intercept, the negative number is denoted by a bar (¯) above 

the number 

▪ Step V: the plane is parallel to an axis, its intercept is zero and meets at infinity. The three 

indices are enclosed in parenthesis, (hkl). A family of planes is represented by {hkl}. 

• Miller – Bravais indices 

o For trigonal and hexagonal crystals, it is useful to use a reference built on four axes, three 

in the plane normal to the unique axis (a1, a2, a3) and one (c) for the unique axis. 

Consequently, four indices of lattice planes (hkil) are used, called the Bravais-Miller 

indices. 
0h k i+ + =   

 

1.13. Zone 

 

• A zone is a collection of crystal faces all of which are parallel to a common line called a 

zone axis. 

 
• The zone symbol looks like a Miller Index but is enclosed in square brackets, i.e. [uvw]. 
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Practice questions 

1. The total number of Bravais lattices. 

a. 6 

b. 14 

c. 32 

d. 230 

 

2. The Miller indices of the following faces 

 
a. (241) 

b. (421) 

c. (124) 

d. (148) 

 

3. Which one of the following represents an axis? 

a. (100) 

b. {100} 

c. {1,0,0} 

d. [100] 

 

4. The total number of crystal classes in the tetragonal system. 

a. 4 

b. 5 

c. 6 

d. 7 

 

5. Which one of the following point group is in the cubic system? 

a. 432 

b. 422 

c. 4 

d. 4mm 

 

6. Value of ‘i’ of a crystal face (21i0). 

a. 2 

b. 2   
c. 3 

d. 3  

  

 

 

 

 

SAMPLE 
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7. Choose the CORRECT statement from the following 

 I. 2-fold rotoinversion axis is equivalent to a mirror pane at right angle to the 

rotoinversion axis. 

 II: 4-fold rotoinversion axis is equivalent to 2-fold rotational axis. 

 III: 6-fold rotoinversion axis is equivalent to 3-fold rotational axis at right angle to a 

mirror. 

a. I only 

b. I and II 

c. I and III 

d. I, II and III 

 

8. For the olivine crystal, the cell dimensions are 

a=4.78
o

A  , b=10.25, c=6.3
o

A  

a. 0.6216:1:1.3452 

b. 0.6231: 0.1252: 1 

c. 0.4523: 2: 1.3342 

d. 0.4633: 1: 0.6146 

 

9. Match the following classes in Group I to symbols in Group II 

Group I Group II 

P. Tetragonal-scalenohedron 1. 42m   

Q. Hexagonal-scalenohedron 2. 32m  

R. Monoclinic-prismatic 3. 2mm  

S. Orthorhombic-pyramidal 4. 32 / m  

 5. 2 / m  

a. P-2, Q-4, R-5, S-3 

b. P-4, Q-2, R-3, S-5 

c. P-1, Q-4, R-5, S-3 

d. P-1, Q-3, R-4, S-2 
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10. Hermann- Mauguin symbol of the following crystal 

 
a. 4/m2/m2/m 

b. 4/m2/m2/m2/m2/m 

c. 4/m4/m4/m 

d. 4/m2m2/m 

 

11. A crystal face has the following intercepts for the crystallographic axes: ∞a1, 1a2, 1c The 

Miller index for the face is_________. 

 

Multiple Select Questions 

12. Possible Bravais lattices in the isometric system are 

a. Primitive 

b. Body centred 

c. Face centred 

d. Base centred 

 

13. Which of the combination(s) is(are) wrongly matched? 

a. 2-fold rotation axis – repeats motif at 360O. 

b. 3-fold rotation axis – repeats motif at 270O. 

c. 4-fold rotation axis – repeats motif at 90O. 

d. 6-fold rotation axis – repeats motif at 120O. 

 

14. Which of the following rotoinversion axis(axes) cannot be duplicated by other simpler 

symmetry operations or their combination? 

a. 2-fold rotoinversion axis 

b. 3-fold rotoinversion axis 

c. 4-fold rotoinversion axis 

d. 6-fold rotoinversion axis 

 

15. Which of the following symbol(s) does NOT represents a point group(s) in the hexagonal 

system? 

a. 32 / m   

b. 2 / 3m   
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c. 43m   

d. 23   
 

16. Choose the CORRECT combination(s) of crystal class and their crystal system. 

a. 23 – orthorhombic 

b. 422 – tetragonal 

c. 32 / m - isometric 

d. 1  - triclinic 

 

17. The point group 432 has ____________ symmetry(s), 

a. Three 4-fold rotational symmetry 

b. Three planes of symmetry 

c. Centre of symmetry 

d. Six 2-fold rotational symmetry 

 

18. Which of the following crystal class(es) does NOT have a centre of symmetry? 

a. Tetragonal-dipyramidal 

b. Gyroidal 

c. Dihexagonal-pyramidal 

d. Diploidal 

 

19. Hexagonal-scalenohedral crystal class has, 

a. 2-fold rotational symmetry 

b. 6-fold rotational symmetry 

c. 3-fold rotoinversion symmetry 

d. Plane of symmetry 
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Answers  

1. b 

2. c 

3. d 

4. d 

5. a 

6. d 

7. c 

8. d 

9. c 

10. a 

11. (011) 

12. a, b, c 

13. c 

14. c 

15. a 

16. b, d 

17. a, d 

18. b, c 

19. a, c, d 
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JAM 

2020 If (326) is the Miller Index of a crystal face, then the value of x in the 

corresponding Weiss Parameter of the same face, xa: yb: zc is ____  

Mark 1 

Ans 2 

Explanation:  Miller Indices and Weiss Parameter have an inverse relationship. 

So, xa: yb: zc = 
1 1 1

: :
3 2 6

a b c   

To convert the fraction into the whole number, multiply with 6. 

Then 
1 1 1

6 : 6 : 6
3 2 6

a b c
     

       
     

=2a:3b:1c 

Now xa=2a 

x=2 

2020 The value of h in the Miller-Bravais Index is ____  

Mark 1 

Ans 3 

Explanation: (4̅1h0) → (hkil) 

We know, h+k+i=0 

(-4)+1+i=0 

i=3 

2017 

 

35. Which of the following statements is/are NOT correct? 

A) (110) lies in zone [001] 

B) (021) lies in zone [100] 

C) (101) lies in zone [010] 

D) (111) lies in zone [1 1  1] 

Mark: 2 

Ans: D 

Explanation: the notation of zone is for the plane which is perpendicular to the 

zone axis (or intersections of planes). Here (111) is not perpendicular to (1 1

1). 

2017 

 

43. The Weiss symbol of a crystal face is 4a: 2b : c . The value of h in the 

corresponding Miller Index (hkl) is __________. 

Mark: 1 
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Ans: 1 

Explanation: take inverse of the parameter. Multiply with 4 to change fractions 

to whole number. First value is ‘h’. 

2016 In the following figure, the exterior angle measured between (001)∧(021) with 

a goniometer in a 

crystal is 40o. The interior angle between (010)∧(021) in degrees is ______. 

 

Mark: 1 

Ans: 130 

Explanation:  

 

2015 A crystal face has the following intercepts for the crystallographic axes: 1a1, 

1a2, ½a3, ∞c. The 

Miller-Bravais indices for the face is_________. 

Marks 1 

Ans 1120 

Explanation: take inverse of the parameters, and change the fraction to whole 

numbers. 

1/1, 1/1, 2/1, 1/∞   =  1120 

2015 
Total number of mirror planes in the 

4 2
3

m m
 point group is_________. 

Mark 1 

Ans 9 
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Explanation: 
4 2

3
m m

notation represents hexoctahedral class (or point group) of 

isometric (or cubic system). It is a holohedral class and has 9 mirror planes. 
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