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 1. Elements of Crystallography: Crystalline and Amorphous forms - Symmetry and Classification of 
Crystals - System of Crystal Notation - (Weiss and Millerian) - Forms and Habits. Crystal Systems (Isometric, 
Tetragonal, Hexagonal, Orthorhombic, Monoclinic, Triclinic, Twinning - Crystalline Aggregates – Columnar, 
Fibrous, Lamellar, Granular - Imitative shapes and Psudomorphism.                                                     12 Hrs. 

 

 2. Crystal Properties: Space Symmetry Elements- Translation – Rotation- Reflection - Inversion Screw and 
Glide-point groups and Crystal classes - Derivation of 32 Crystal classes based on Schoenflies notation - 
Bravais lattices and their Derivation - An outline of Space Groups. X-ray Crystallography.                    12 Hrs. 

 

 3. Physical Mineralogy: Physical Properties: (Colour – Structure – Form – Luster -  Transparency – Streak 
– Hardness – Specific Gravity – Tenacity – Feel – Taste – Odour) - Electrical, Magnetic and Thermal 
properties-Determination of Specific Gravity (Jolly’s spring balance, Walker’s steel yard, Pycnometer 
methods) - Empirical and Structural formula of minerals – Isomorphism, Polymorphism and Psudomorphism 
- Atomic substitution and Solid solution in minerals - Non Crystalline minerals - Fluorescence in minerals - 
Metamict state.                                        16 Hrs. 

 

 4. Optical Mineralogy:  Optical Properties (Colour – Form – Cleavage - Refractive Index -  Relief – 
Alteration – Inclusions – Zoning – Pleochroism – Extinction -  Polarization colours – Birefringence) – 
Twinning - Optic sign (Uniaxial and biaxial)- Interference figures - Primary and Secondary Optic axes - Optic 
axial angle measurements – Optic Orientation – Dispersion in Crystals - Optic anomalies.   12 Hrs. 

 

 5. Mineral Groups: Ortho and Ring Silicates (Olivine group - Garnet group). Alumino silicates  (Epidote 
group - Zircon – Staurolite – Beryl -  Cordierite and Tourmaline). Sheet Silicates (Mica group - Chlorite group 
and Clay minerals) - Chain Silicates (Pyroxene group - Amphibole group and Wollastonite). Frame work 
Silicates (Quartz -Feldspar - Feldspathoid - Zeolite and Scapolite groups) - Non-silicate (Spinel group, 
Carbonates and Phosphates).                          12 Hrs. 

Syllabus 
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6. Current Contours: (Not for Exam, only for Discussion): Preparation of Field 

Kit for testing and identifying minerals during field survey; preparation of mineral 

and crystal samples for making thin sections, x-ray crystallographic studies. Lean 

how minerals together form different types of rocks.  
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Course outcomes: 

After the successful completion of this course, the students are 

able to:  

 

 Gain knowledge about the source minerals as raw materials for 

anything on the Earth and for the survival of life  

 Independently able to classify the crystals based on 

symmertical elements and face indices  

 Understand various physical, chemical and optical properties 

of minerals so as to discriminate them  

 Provide ideas about the major existence of rock forming 

silicates at the surface of the Earth  

 Understand the various properties of mineral groups  

 Know the crystal and mineral forms and their habits 
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UNIT – 5  MINERAL GROUPS 

 5. Mineral Groups: Ortho and Ring 

Silicates (Olivine group - Garnet group). 

Alumino silicates  (Epidote group - Zircon – 

Staurolite – Beryl -  Cordierite and 

Tourmaline). Sheet Silicates (Mica group - 

Chlorite group and Clay minerals) - Chain 

Silicates (Pyroxene group - Amphibole group 

and Wollastonite). Frame work Silicates 

(Quartz -Feldspar - Feldspathoid - Zeolite 

and Scapolite groups) - Non-silicate (Spinel 

group, Carbonates and Phosphates). 
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ROCK FORMING MINERALS 

1. Silicates  

Structures of Silicates 

 Independent tetrahedron 

 Single Chain  tetrahedron 

 Double Chain 

 Sheet structure 

 Framework silicates 
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2. Non-silicates  
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Non-Silicates a. Metallic b. Non-metallic 

Native Elements Gold-Au, Silver-Ag, Copper-

Cu, Platinum-Pt 

Graphite, Diamond-C, 

Sulphur-S 

Halides Fluorite-CaF2 Ammonium Bromide,  

Ammonium Iodide 

Oxides Hematite-Fe2O3, Bauxite-Al 

Hydroxide, Magnetite-FeO  

Ice crystals-H2O, BO 

Sulphides Pyrite-FeS2, Galena-PbS, 

Sphalerite-ZnS 

N4S4, F4S3 

Sulphates Gypsum-CaSO4.H2O, Barite-

BaSO4 

Iodosyl Sulphate (IO)2SO4 

Chlorides Halite-NaCl, Sylvite-KCl Hydrogen Chloride-HCl 

Carbonates Calcite-CaCO3, Magnesite-

MgCO3, Rhodochrosite-

MnCO3, Witherite-BaCO3 

Ammonium Carbonate 

(NH4)2CO3 

Phosphates Apatite-Ca5(PO4)3(OH) 

Turquoise-CuAl6(PO4)4(OH)8·5H2O 

Phosphoric acid-H3PO4 
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The Silicate Class 

 The silicates are the largest, the most 
interesting and the most complicated class 
of minerals by far.  

 Approximately 30% of all minerals are 
silicates and  

 some geologists estimate that 90% of the 
Earth's crust is made up of silicates.  

 With oxygen and silicon, the two most 
abundant elements in the earth's crust – thus 
silicates are in abundance. 
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 The basic chemical unit of silicates is the (SiO4) 

tetrahedron shaped anionic group with a negative 

four charge (-4).  

 

 The central silicon ion has a charge of positive four 

while each oxygen has a charge of negative two (-2) 

and  

 

 thus each silicon-oxygen bond is equal to one half 

(1/2) the total bond energy of oxygen.  

 

 This condition leaves the oxygens with the option of 

bonding to another silicon ion and therefore linking 

one (SiO4) tetrahedron to another and another, etc.  
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 The structures formed by SiO4 tetrahedron 

are, single units, double units, chains, 

sheets, rings and framework structures.  

 

 The different ways that the silicate 

tetrahedrons combine is what makes the 

Silicate Class the largest, the most 

interesting and the most complicated 

class of minerals. 
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The Silicates are divided into the following subclasses, 
not by their chemistries, but by their structures:  

 

1. Nesosilicates / Orthosilicates (Single Tetrahedrons) – No 

Oxygen atom is shared – (SiO4)
4- - Eg. Olivine - Mg2SiO4 -  Fe2SiO4. 

2. Sorosilicates (Double Tetrahedrons) - (Si2O7)
6- - Eg. 

Hemimorphite  

3. Inosilicates (3a. Single chains –each tetrahedron shares two 
Oxygens with adjacent tetrahedra, forming a chain – (SiO3)

2- Eg. 
Pyroxenes - Augite  

4. and   3b.   Double chains –a pair of single chains that are cross-
linked by additional Oxygen sharing) - (Si4O11)

6-  – E.g. Amphiboles - 
Hornblende  

5. Cyclosilicates (Rings) - (Si6O18)
12- - Eg. Beryl  

6. Phyllosilicates (Sheets) - (Si2O5)
2-- Eg. Phlogophite  

7. Tectosilicates (Frameworks) - SiO2 – Eg. Quartz; Orthoclase  
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The five silicate structures 

are based on sharing of 

oxygen atoms among silicate 

tetrahedra.  

(A) An Independent tetrahdra 

share no Oxygen atoms. 

(B) In single chains, each 

tetrahedron shares two 

Oxygens with adjacent 

tetrahedra, forming a chain. 

(C) A double chain is a pair of 

single chains that are 

cross-linked by additional 

Oxygen sharing. 

(D) In sheet silicates each 

tetrahedron shares three 

Oxygens with adjacent 

tetrahedra. 

(E) A three-dimensional 

silicate framework shares 

all four Oxygens of each 

tetrahedron. 
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Nesosilicates / Orthosilicates 

(single tetrahedrons)  

 
 Simplest form of all 

 (SiO4) tetrahedrons are unbonded to other 
tetrahedrons.  

 In this way, they are similar to other mineral 
classes such as the sulfates and phosphates(PO4 
& SO4).  

 Nesosilicates, which are sometimes referred to 
as orthosilicates, have a structure that produces 
stronger bonds and a closer packing of ions 

 Therefore a higher density, index of refraction 
and hardness than chemically similar silicates in 
other subclasses.  

 Consequently, there are more gemstones in the 
nesosilicates than in any other silicate subclass.  
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Common members of the Nesosilicates 

 Andalusite (Aluminum Silicate)  

 Chloritoid (Iron Magnesium Manganese 

Aluminum Silicate Hydroxide)  

 Datolite (Calcium Boro-Silicate Hydroxide)  

 Euclase (Beryllium Aluminum Silicate 

Hydroxide)  

 The Olivine Group (Magnesium Iron Silicate ) 

 Fayalite (Iron Silicate)  

 Forsterite (Magnesium Silicate)  

 Gadolinite (Yttrium Iron Beryllium Silicate)  

 The Garnet Group: 1. PYRALSPITE GROUP 

 Pyrope (Magnesium Aluminum Silicate)  

 Almandine (Iron Aluminum Silicate)  

 Spessartine (Manganese Aluminum Silicate 

    

   2. UGRANDITE GROUP 

 Uvarovite (Calcium Chromium Silicate)  

 Grossular (Calcium Aluminum Silicate)  

 Andradite (Calcium Iron Silicate)  
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OTHER NESOSILICATES 

Howlite (Calcium Boro-Silicate Hydroxide)  

Humite (Magnesium Iron Silicate Fluoride 

Hydroxide)  

Kyanite (Aluminum Silicate)  

Phenakite (Berylium Silicate )  

Sillimanite (Aluminum Silicate)  

Sphene or Titanite (Calcium Titanium 

Silicate)  

Staurolite (Iron Magnesium Zinc Aluminum  

Silicate Hydroxide)  

Thorite (Thorium Uranium Silicate)  

Topaz (Aluminum Silicate Fluoride 

Hydroxide)  

Uranophane (Hydrated Calcium Uranyl 

Silicate)  

Willemite (Zinc Silicate)  

Zircon (Zirconium Silicate) 

http://www.galleries.com/minerals/silicate/andalusi/andalusi.htm
http://www.galleries.com/minerals/silicate/datolite/datolite.htm
http://www.galleries.com/minerals/silicate/euclase/euclase.htm
http://www.galleries.com/minerals/silicate/olivine/olivine.htm
http://www.galleries.com/minerals/silicate/olivine/olivine.htm
http://www.galleries.com/minerals/silicate/olivine/olivine.htm
http://www.galleries.com/minerals/silicate/gadolini/gadolini.htm
http://www.galleries.com/minerals/silicate/garnets.htm
http://www.galleries.com/minerals/silicate/pyrope/pyrope.htm
http://www.galleries.com/minerals/silicate/spessart/Almandine.htm
http://www.galleries.com/minerals/silicate/spessart/spessart.htm
http://www.galleries.com/minerals/silicate/andradit/andradit.htm
http://www.galleries.com/minerals/silicate/uvarovit/uvarovit.htm
http://www.galleries.com/minerals/silicate/grossula/grossula.htm
http://www.galleries.com/minerals/silicate/andradit/andradit.htm
http://www.galleries.com/minerals/silicate/howlite/howlite.htm
http://www.galleries.com/minerals/silicate/howlite/howlite.htm
http://www.galleries.com/minerals/silicate/humite/humite.htm
http://www.galleries.com/minerals/silicate/kyanite/kyanite.htm
http://www.galleries.com/minerals/silicate/phenakit/phenakit.htm
http://www.galleries.com/minerals/silicate/silliman/silliman.htm
http://www.galleries.com/minerals/silicate/sphene/sphene.htm
http://www.galleries.com/minerals/silicate/sphene/sphene.htm
http://www.galleries.com/minerals/silicate/sphene/sphene.htm
http://www.galleries.com/minerals/silicate/sphene/sphene.htm
http://www.galleries.com/minerals/silicate/stauroli/stauroli.htm
http://www.galleries.com/minerals/silicate/thorite/thorite.htm
http://www.galleries.com/minerals/silicate/topaz/topaz.htm
http://www.galleries.com/minerals/silicate/uranopha/uranopha.htm
http://www.galleries.com/minerals/silicate/willemit/willemit.htm
http://www.galleries.com/minerals/silicate/zircon/zircon.htm


Sorosilicates (double 

tetrahedrons) 

 Sorosilicates have two silicate tetrahedrons that are linked 
by one oxygen ion and thus the basic chemical unit is the 
anion group (Si2O7) with a negative six charge (-6).  

 This structure forms an unusual hourglass-like shape 
and it may be due to this oddball structure that this 
subclass is the smallest of the silicate subclasses.  

 It includes minerals that may also contain normal silicate 
tetrahedrons as well as the double tetrahedrons.  

 The more complex members of this group, such as 
Epidote, contain chains of aluminum oxide tetrahedrons 
being held together by the individual silicate tetrahedrons 
and double tetrahedrons.  

 Most members of this group are rare, but Epidote is 
widespread in many metamorphic environments.  
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Common members of the Sorosilicates 

 Bertrandite (Beryllium Silicate Hydroxide)  

 Danburite (Calcium Boro-Silicate)  

 The Epidote group  

 Allanite (Yttrium Cerium Calcium Aluminum Iron 
Silicate Hydroxide)  

 Clinozoisite (Calcium Aluminum Silicate Hydroxide)  

 Epidote (Calcium Iron Aluminum Silicate Hydroxide)  

 Zoisite (Calcium Aluminum Silicate Hydroxide)  

 Hemimorphite (Hydrated Zinc Silicate Hydroxide)  

 Ilvaite (Calcium Iron Silicate Hydroxide)  

 Idocrase or Vesuvianite (Calcium Magnesium 
Aluminum Silicate Hydroxide)  
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http://www.galleries.com/minerals/silicate/danburit/danburit.htm
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http://www.galleries.com/minerals/silicate/hemimorp/hemimorp.htm
http://www.galleries.com/minerals/silicate/ilvaite/ilvaite.htm
http://www.galleries.com/minerals/silicate/vesuvian/vesuvian.htm


Inosilicates 

 
 Inosilicates, or chain silicates, have 

interlocking chains of silicate 

tetrahedra with either SiO3, 1:3 ratio, 

for single chains or Si4O11, 4:11 ratio, 

for double chains. 

 Single chain inosilicates 

 Double chain inosilicates 
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Single chain inosilicates 

  Pyroxene group  

 Enstatite - orthoferrosilite series  

○ Enstatite - MgSiO3 

○ Ferrosilite - FeSiO3 

 Pigeonite - Ca0.25(Mg,Fe)1.75Si2O6 

 Diopside - Hedenbergite series  

○ Diopside - CaMgSi2O6 

○ Hedenbergite - CaFeSi2O6 

○ Augite - (Ca,Na)(Mg,Fe,Al)(Si,Al)2O6 

 Sodium pyroxene series  

○ Jadeite - NaAlSi2O6 

○ Aegirine (Acmite) - NaFe3+Si2O6 

 Spodumene - LiAlSi2O6 
 Pyroxenoid group  

Wollastonite - CaSiO3 

Rhodonite - MnSiO3 

Pectolite - NaCa2(Si3O8)(OH) 
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Double chain inosilicates 

 
 Amphibole group  

 Anthophyllite - (Mg,Fe)7Si8O22(OH)2 

 Cumingtonite series  

○ Cummingtonite - Fe2Mg5Si8O22(OH)2 

○ Grunerite - Fe7Si8O22(OH)2 

 Tremolite series  

○ Tremolite - Ca2Mg5Si8O22(OH)2 

○ Actinolite - Ca2(Mg,Fe)5Si8O22(OH)2 

 Hornblende - (Ca,Na)2-3(Mg,Fe,Al)5Si6(Al,Si)2O22(OH)2 

 Sodium amphibole group  

○ Glaucophane - Na2Mg3Al2Si8O22(OH) 

○ Riebeckite (asbestos) - Na2Fe2+
3Fe3+

2Si8O22(OH)2 

○ Arfvedsonite - Na3(Fe,Mg)4FeSi8O22(OH)2 
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Cyclosilicates 

 
 Cyclosilicates, or Ring Silicates, have linked tetrahedra 

with (SixO3x)
2x- or a ratio of 1:3. These exists as 3-member 

(Si3O9)
6-, 4-member (Si4O12)

8- and 6-member (Si6O18)
12- 

rings. 

 3-member ring  

 Benitoite - BaTi(Si3O9) 

 4-member ring  

 Axinite - (Ca,Fe,Mn)3Al2(BO3)(Si4O12)(OH) 

 6-member ring  

 Beryl/Emerald - Be3Al2(Si6O18) 

 Cordierite - (Mg,Fe)2Al3(Si5AlO18) 

 Tourmaline - (Na,Ca)(Al,Li,Mg)3-(Al,Fe,Mn)6(Si6O18)(BO3)3(OH)4 
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Phyllosilicates 

 
 Phyllosilicates (from Greek φύλλον 

phyllon, leaf), or Sheet Silicates, form 

parallel sheets of silicate tetrahedra with 

Si2O5 or a 2:5 ratio. 

 

 

 

                      Kaolin 

                                  Mica 
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 Serpentine group  

 Antigorite - Mg3Si2O5(OH)4 

 Chrysotile - Mg3Si2O5(OH)4 

 Lizardite - Mg3Si2O5(OH)4 

 Clay mineral group  

 Kaolinite - Al2Si2O5(OH)4 

 Illite - (K,H3O)(Al,Mg,Fe)2(Si,Al)4O10[(OH)2,(H2O)] 

 Smectite - 

 Montmorillonite - (Na,Ca)0.33(Al,Mg)2(Si4O10)(OH)2·nH2O 

 Vermiculite - (MgFe,Al)3(Al,Si)4O10(OH)2·4H2O 

 Talc - Mg3Si4O10(OH)2 

 Palygorskite - (Mg,Al)2Si4O10(OH)·4(H2O) 

 Pyrophyllite - Al2Si4O10(OH)2 

 

 

Mica group  
Biotite - K(Mg,Fe)3(AlSi3O10)(OH)2 

Muscovite - KAl2(AlSi3O10)(OH)2 

Phlogopite - KMg3Si4O10(OH)2 

Lepidolite - K(Li,Al)2-3(AlSi3O10)(OH)2 

Margarite - CaAl2(Al2Si2O10)(OH)2 

Glauconite - 

(K,Na)(Al,Mg,Fe)2(Si,Al)4O10(OH)2 

Chlorite group  
Chlorite - 

(Mg,Fe)3(Si,Al)4O10(OH)2•(Mg,Fe)3(OH)6 
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Tectosilicates 

 
 Tectosilicates, or "Framework Silicates", 

have a three-dimensional framework of silicate 

tetrahedra with SiO2 or a 1:2 ratio. This group 

comprises nearly 75% of the crust of the Earth. 

Tectosilicates, with the exception of the quartz 

group, are aluminosilicates. 

 

Quartz 

Lunar Ferroan 

Anorthosite #60025 

(Plagioclase Feldspar). 

Collected by Apollo 16 

from the Lunar 

Highlands near 

Descartes Crater. 12/24/2024 27 Dr.Palanivel K, CERS, BDU 
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 Quartz group  

 Quartz - SiO2 

 Tridymite - SiO2 

 Christobalite - SiO2 

 Feldspar group  

 Alkali-feldspars  

○ Potassium-feldspars  

 Microcline - KAlSi3O8 

 Orthoclase - KAlSi3O8 

 Sanidine - KAlSi3O8 

○ Anorthoclase - (Na,K)AlSi3O8 

 Plagioclase feldspars  

○ Albite - NaAlSi3O8 

○ Oligoclase - (Na,Ca)(Si,Al)4O8 (Na:Ca 4:1) 

○ Andesine - (Na,Ca)(Si,Al)4O8 (Na:Ca 3:2) 

○ Labradorite - (Na,Ca)(Si,Al)4O8 (Na:Ca 2:3) 

○ Bytownite - (Na,Ca)(Si,Al)4O8 (Na:Ca 1:4) 

○ Anorthite - CaAl2Si2O8 
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 Feldspathoid group  

 Nosean - Na8Al6Si6O24(SO4) 

 Cancrinite - Na6Ca2(CO3,Al6Si6O24).2H2O 

 Leucite - KAlSi2O6 

 Nepheline - (Na,K)AlSiO4 

 Sodalite - Na8(AlSiO4)6Cl2  

○ Hauyne - (Na,Ca)4-8Al6Si6(O,S)24(SO4,Cl)1-2 

 Lazurite - (Na,Ca)8(AlSiO4)6(SO4,S,Cl)2 

 Petalite - LiAlSi4O10 

 Scapolite group  

 Marialite - Na4(AlSi3O8)3(Cl2,CO3,SO4) 

 Meionite - Ca4(Al2Si2O8)3(Cl2CO3,SO4) 

 Analcime - NaAlSi2O6•H2O 

 Zeolite group  

 Natrolite - Na2Al2Si3O10•2H2O 

 Chabazite - CaAl2Si4O12•6H2O 

 Heulandite - CaAl2Si7O18•6H2O 

 Stilbite - NaCa2Al5Si13O36•17H2O 
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Flowchart for the 

IDENTIFICATION OF MINERALS 
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Keys for Mineral Identification: 

Light coloured Dark coloured 

Metallic Non-metallic Metallic Non-metallic 

Hard Soft 

Cleavage  

Excellent / Good  
Cleavage Poor / Absent 

Check other physical properties:  

How many sets of cleavages?  

Angle of intersection of cleavages?  

Has striations on facets or not?  

Correct Hardness value? 

Streak? 

Lustre? 

Odour? 

Tenacity? 

Effervesces on acid? 

Magnetic / Non-magnetic – for metallic 

 



Light-

coloured 

minerals with 

non-metallic 

lustre 
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Absence of Cleavage, Conchoidal fracture 



Dark-

coloured 

minerals with 

non-metallic 

lustre 
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properties 

and uses 
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Let us enjoy  using Crystals and Minerals  more 
efficiently, effectively & SUSTAINABLY too… 
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Dr. K.Palanivel 

Professor 
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