YLLABUS FORTHE POST OF GEOLOGISTS IN THE
DEPARTMENT OF MINES AND GEOLOGY

1. General Geology and Geomorphology: Basic principles, weathering and soils, Mass

wasting, Influence of climate on processes, Concept of erosion cycles. Peneplanation,
Geomorphology of fluvial tracts, arid zones, coastal regions, ‘Karst' landscapes and glaciated
ranges. Land forms in different climatic zones, Geomorphic mapping, slope analysis and
drainage basin analysis. Applications of geomorphology in mineral prospecting, civil
engineering, hydrology, and environmental studies. Topographical maps. Geomorphology of
India with special reference to Geomorphology of Karnataka with emphasis on its morphology

and evolution.

2. Petrology:-

A) Igneous Petrology: Forms, textures and structures of igneous rocks. Petrology and

geotectonic evolution of granites, basalts, andesites and alkaline rocks. Petrology of gabbros,
kimberlites, anorthosites and carbonatites. Origin of primary basic magmas, Dykes rocks.

Economic significance of igneous rocks.

B) Metamorphic Petrology: Textures and structures of metamorphic rocks. Regional

and thermal metamorphism. Mineral assemblages and P/T conditions. Experimental and
thermodynamic appraisal of metamorphic reactions. Characteristics of different grades and
facies of metamorphism. Metasomatism and granitization, migmatites. Anatexis, Plate
tectonics and metamorphic zones. Paired metamorphic belts. Charnockitization, Economic

significance of metamorphic rocks.

C) Sedimentary Petrology: Provenance and diagenesis of sediments. Primary

Sedimentary textures. Framework matrix and cement of terrigenous sediments. Definition,
measurement, and interpretation of grain size. Elements of hydraulics. Primary structures,
palaeocurrent analysis. Biogenic and chemical sedimentary structures. Sedimentary
environment and facies. Tectonics and sedimentation. Classification and definition of
sedimentary basins, Sedimentary basins of South India. Cyclic sediments. Seismic and
sequence stratigraphy. Purpose and scope of basin analysis. Structure contours and isopach

maps. Economic significance of sedimentary rocks.

3. Structural Geology:- Principles of geological mapping and map reading, projection




diagrams. Stress- strain relationships of elastic, plastic, and viscous materials. Measurement of
strain in deformed rocks. Behaviour of minerals and rocks under deformation conditions.
Structural analysis of folds, cleavages, lineations, joints and faults, Classification folds faults.
Superposed deformation. Time-relationship between crystallization and deformation.
Unconformities and basement-cover relations. Structural behaviour of igneous rocks, diapirs
and salt domes. Introduction to petrofabrics.

4. Geotectonics:- Earth and the solar system, Meteorites and other extra-terrestrial materials,

Planetary evolution of the earth and its internal structure. Heterogeneity of the earth's crust.
Major tectonic features of the Oceanic and Continental crust. Continental drift - geological
and geophysical evidence, mechanics, objections, present status. Gravity and magnetic
anomalies at Mid-ocean ridges, deep sea trenches, continental shield areas and mountain
chains. Palaeomagnetism. Seafloor spreading and Plate Tectonics. Island arcs, Oceanic islands
and volcanic arcs. Isostasy, orogeny and epeirogeny. Diastrophism, Seismic belts of the earth.
Seismicity and plate movements. Geodynamics and evolution of Indian plate.

5. Geology and Stratigraphy :-

A) Geology and Stratigraphy of India: Nomenclature and the modern stratigraphic
code. Radioisotopes and measuring geological time. Geological time-scale. Stratigraphic
procedures of correlation of unfossiliferous rocks. Precambrian stratigraphy of India.
Stratigraphy of the Palaeozoic, Mesozoic and Cenozoic formations of India. Deccan
Volcanics. Rock record, palaeoclimates and palaeogeography,

B) Geology and Stratigraphy of Karnataka: Early pioneers,Geological history of the

State,Archean era,Ancient supracrustal enclaves(Sargur type),Gnessic Complex,Gold bearing
Schist belts of eastern Karnataka (Kolar type),Schist belts of western Karnataka (Dharwar
type),Granulites, Younger Granites, Proterzoic Era, Purana basins of Karnataka-Bhima and
Kaladagi, Life in Precambrian, Gondwana, Deccan Volcanic episode,Dyke Rocks,Tertiary
Era,Laterite and Black Soils.

C) Palaeontology: Fossil record and geological time-scale. Morphology and time-

ranges of Fossil groups. Evolutionary changes in molluscs and mammals in geological time.
Principles of evolution. Use of species and genera of foraminifera and echinodermata in
biostratigraphic correlation. Siwalik vertebrate fauna and Gondwana flora, evidence of life in
Precambrian times different microfossil groups and their distribution in India.



6. Mineralogy:- Crystallography, Physical, chemical and crystallographic characteristics of
common rock forming silicate mineral groups. Structural classification of silicates. Common
minerals of igneous and metamorphic rocks. Minerals of the carbonate, phosphate, sulphide
and halide groups.

Optical properties of common rock forming silicate minerals, uniaxial and biaxial minerals.
Extinction angles, pleochroism, birefringence of minerals and their relation with mineral

composition. Twinned crystals. Dispersion, The U-stage.

7. Ore genesis:- Ore deposits and ore minerals. Magmatic processes of mineralisation.

Porphyry, skarn and hydrothermal mineralisation. Metallogeny, Fluid inclusion studies.
Mineralisation associated with- (i) ultramafic, mafic and acidic rocks, (ii) greenstone belts,
(ili) komatiites, anorthosites and kimberlites and (iv) submarine volcanism. Magma related
mineralisation through geological time. Stratiform and stratabound ores. Ores and
metamorphism - cause and effect relations.

8. Geochemistry:- Earth in relation to the solar system and universe, cosmic abundance of

elements. Composition of the planets and meteorites. Structure and composition of earth and
distribution of elements. Trace elements. Elementary crystal chemistry and thermodynamics.
Introduction to isotope geochemistry. Geochemistry of hydrosphere, biosphere and
atmosphere. Geochemical cycle and principles of geochemical prospecting.

Mineralogy and geochemistry of radioactive minerals. Instrumental techniques of detection
and measurement of radioactivity. Radioactive methods for prospecting and assaying of
mineral deposits. Distribution of radioactive minerals in India, Nuclear waste disposal -
geological constraints.

9. Geophysics:- Basics of Geophysics, Application of Geophysics in Mineral exploration,

site location of Dams, bridges, mining, canal, tunnel constructions, ground water potential
zones; electric resistivity survey in Wenner, Schlumbger configurations, Borehole logging,
Airborne Geophysical investigations.

10. Environmental Geology:- Concepts and principles. Natural hazards-

preventive/precautionary measures- floods, landslides, earthquakes, river and coastal erosion.
Environmental Impact assessment of anthropogenic activities such as urbanization, river-

valley projects, open cast and underground mining and quarrying; disposal of industrial and



radio- active waste, excess withdrawal of ground water, use of fertilizers, dumping of ores,
mine waste and fly-ash. Organic and inorganic contamination of ground water and their
remedial measures. Soil degradation and remedial measures. Environmental Management

Plan, Environment protection- legislative measures in India.

11. Indian Mineral Deposits and Mineral Economics:

A) Occurrence and distribution of Mineral Deposits: - Metalliferous deposits- base

metals, iron, manganese, aluminium, chromium, nickel, gold, silver, molybdenum. Indian
deposits of non-metals- mica, asbestos, barytes, gypsum, graphite, apatite and beryl.
Gemstones, refractory minerals, abrasives and minerals used in glass, fertilizer, paint, ceramic
and cement industries. Building stones. Phosphorite deposits. Placer deposits, rare earth
minerals, Strategic, critical and essential minerals. India's status in mineral production.
Changing patterns of mineral consumption. National Mineral Policy. Marine mineral
resources. their origin and distribution., Mineral production and Industrial Scenario; Mineral
beneficiation and Mineral Conservation.

B) Mineral Resources of Karnataka:- Historical development of Mineral Industry in

Karnataka, Karnataka’s contribution to the Mineral wealth of India, Trends in Genesis of
Mineral deposits, Origin occurrence and distribution of metalliferous and nonmetalliferous

mineral resources of Karnataka including ornamental stones.

12. Geological and Mine Surveying: Geological Mapping and Exploration, Map Reading,

Theory and applications of survey instruments like Chain, Geological Compass, Plane Table,
Planimeter, Theodolite, Total Station, Global Positioning System (GPS), DGPS.

13. Mineral exploration and Mining Geology: Reconnaissance survey, Methods of

surface and sub surface mineral exploration and prospecting Methods, prospecting for
economic minerals- drilling, Core Logging, sampling and assaying, Geological Sections;
Geophysical techniques- gravity, electrical, magnetic, airborne and seismic. Geomorphological
and remote sensing techniques. Geobotanical and geochemical methods. Borehole logging and
surveys for deviation, UNFC classification of Mineral deposits, Ore Reserve Estimation,

Significance of Geology in mining.

Preparation of Mining and quarrying Plans, Methods of Open cast and Underground
Mining, Blasting Techniques, Stoping, Mine Closure Plans, Application of Mining

Technology, Mine safety procedures.



14. Engineering Geology: Mechanical properties of rocks and soils. Geological

investigations for river valley projects-Dams and reservoirs; tunnels- types, methods and
problems. Bridges- types and foundation problems. Shoreline engineering. Landslides-
classification, causes, prevention and rehabilitation. Concrete aggregates- sources, alkali-
aggregate reaction. Aseismic designing - seismicity in India and earthquake-resistant
structures. Problems of ground water in engineering projects. Geotechnical case studies of
major projects in India.

15. Hydrogeology

A) Origin, Occurrence and Distribution of Water:- Origin of water : Meteoric,

juvenile, magmatic and sea waters, Hydrologic cycle: precipitation, runoff, infiltration and
evapotranspiration, Hydrographs, Subsurface movement and vertical distribution of
groundwater, Springs, Classification of aquifers, Concepts of drainage basin and Groundwater
basin hydrological properties of rocks-specific yield, specific retention, porosity, hydraulic
conductivity, transmissivity, storage coefficient, water table fluctuations-causative factors,
static water level, concept of barometric and tidal efficiencies, water table contour maps,
Classification of rocks with respect to their water bearing characteristics, Hydro-stratigraphic
units, Hydrogeology and Groundwater provinces of India with special reference to Karnataka,
wet lands of Karnataka.

B) Well Hydraulics and Well Design : Theory of groundwater flow, Darcey’s Law and

its applications, types of wells, drilling methods, construction, design, development and
maintenance of wells, specific capacity and its determination. Unconfined, confined, steady,
unsteady and radial flow conditions , Pumps tests- methods, data analysis and interpretation
for hydrogeologic boundaries.

C) Groundwater_chemistry: Groundwater quality-physical and chemical properties of

water, quality criteria for different uses, graphical presentation of water quality data,
groundwater quality in different Regions of Karnataka —problems of arsenic and fluoride,
Saline water intrusion in coastal and other aquifers and its prevention, Radioisotopes in
hydrogeological studies, Groundwater contamination.

D) Groundwater Exploration: Geological-lithological and structural mapping, fracture

trace analysis, Hydrogeological - lithological classification with respect of hydrologic
properties, Hydraulic continuity in relation to geologic structures. Location of springs remote



sensing —hydrogeomorphic mapping of the terrain using different images of different satellite
missions, Lineament mapping, Shallow groundwater potential zone mapping using satellite
images, Surface geophysical methods-seismic, gravity, geo-electrical and magnetic;
Subsurface geophysical methods —well logging for delineation of aquifers and estimation of

water quality.

E) Groundwater Problems and Management: Groundwater problems related to

foundation work, mining, canals and tunnels, Problems of over exploitation and groundwater
mining. Groundwater development in urban areas and rain water harvesting, Artificial
recharge methods, Groundwater problems in arid regions and remediation. Groundwater
balance and methods of estimation. Groundwater legislation. Sustainability criteria and

managing renewable and nonrenewable groundwater resources.

16. Remote Sensing and GIS: Concepts and principles of aerial photography and

photogrammetry, satellite remote sensing- data products and their interpretation. Digital image
processing. Remote sensing in landform and land use mapping, structural mapping,
hydrogeological studies and mineral exploration. Global and Indian Space Missions.

Geographic Information System (GIS) - principles and applications.

17. Mining Legislations: National Mineral Policy, Karnataka Mineral Policy-2008,

General provisions of Mines and Minerals (Development and Regulation) Act, Mineral
Concession Rules-1960, Karnataka Minor Mineral Concession Rules-1994, Law of the Sea.



Svllabus for the post of Chemist in the Department of Mines & Geology

Periodic table and Atomic properties
The long form of periodic table, Cause of periodicity, Cause of recurrence of properties,
Division of elements into s,p.d and f'blocks, Atomic properties.
Chemical bonding
Types, ionic, covalent, coordinate, hydrogen and agostic bonds, lonic radius ratio rule, Lattice
energy.
Acids and bases
Arrhenius concept, Proton transfer theory, Concept of Lowry and Bronsted, Lux —Flood
concept, Super acids, HSAB concept and illustrations.
Oxidation and Reduction
Oxidation number, Galvanic cells, single electrode potential, Sign of electrode potential,
Standard electrode potentials, Electrochemical series, Nernst equation, Applications of
electrochemical series, Source of electrical energy in a galvanic cell, Hydrogen overvoltage,
Oxygen overvoltage.
Metals and Metallurgy
Occurrence of metals, Various steps involved in metallurgical processes, Concentration of ore,
Calcination, Roasting, Reduction to free metal, Electrometallurgy, Hydrometallurgy, Refining
or purification, Thermodynamics of the oxidation of metals to metal oxides, The Ellingham
diagram
Statistical Treatment of Analytical Data and Sampling
Classification of errors,systematic errors,sources, effects and their reduction. Accuracy and
precision. Minimisation of errors, Significant figures, Mean, median and standard deviation.
Sampling and sample handling,representative sample, sample storage, sample pretreatment and
sample preparation. Hazards in sampling. Quality in analytical laboratories, quality control and
quality assurance, accreditation system.
Electrochemistry
Nernst equation, redox systems, electrochemical cells; Arrhenius theory of strong and weak
electrolytes and its limitations. Electrochemical energy sources —Batteries, classification,
characteristics, primary, secondary and lithium batteries.
Chemical kinetics
Empirical rate laws and temperature dependence; complex reactions; steady state
approximation; determination of reaction mechanisms; Catalysis : Homogeneous and
heterogeneous catalysis and their characteristics, mechanism of heterogeneous catalysis.
Titrimetric analysis
Titrimetric analysis, Classification of reactions in titrimetric analysis, Standard solutions,
Advantages of the use of the equivalent system, Preparation of standard solutions, Primary
standard solutions, theory of acid base titrations, Theory of complexation titrations, Theory of
precipitation titrations, Theory of oxidation,reduction titrations.

-2-
Gravimetric analysis
General principles, stoichiometry, calculation of results from gravimetric data. Properties of
precipitates. Nucleation and crystal growth, factors influencing completion of precipitation,



Co,precipitation and post,precipitation, purification and washing of precipitates.

Potentiometry

Fundamentals of potentiometry. indicator and ion,selective electrodes. Membrane electrodes.
Glass electrode for pH measurement, glass electrodes for cations other than protons. Liquid
membrane electrodes, solid state ion selective detectors Applications of potentiometry. Direct
potentiometric measurements,determination of pH and fluoride. Redox and potentiometric
titrations, Balancing redox reactions, calculation of the equilibrium constant of the reaction,
titration curves, visual end point detection. Redox indicators,theory, working and choice.
Potentiometric end point detection. Applications of redox titrations.

Conductometry

General considerations, The measurement of conductivity, The conductometric titrations, the
basics of condutometric titrations, Apparatus and measurements, Applications of condutometric
titrations.

Colorimetry and Spectrophotometry

Theory of Colorimetry and Spectrophotometry, Photoelectric colorimeters, photoelectric
spectrophotometers

Nephelometry and turbidimetry

Theory of Nephelometry and turbidimetry, Instrumentation for Nephelometry and turbidimetry.
Flame photometry and Atomic absorption spectrometry

Energy level diagrams —atomic absorption spectra. Flame characteristics. Flame atomizers and
electrothermal automization. Applications. Qualitative analysis and quantitative evaluations.
Solvent extraction

Definition, types, principle and efficiency of extraction, sequence of extraction process, factor
affecting extraction, pH, oxidation state, modifiers, synergistic, masking and salting out agent,
techniques, batch and continuous extraction, applications.

Fundamentals of chromatography

General description, definition, terms and parameter used in chromatography, classification of
chromatographic methods, criteria for selection of stationary phase, and mobile phase, nature of
adsorbents, factor influencing the adsorbent, nature and type of mobile phases and stationary
phases.Paper chromatography (PC), Thin, layer chromatography (TLC), Gas chromatography
(GC), lon exchange chromatography (IEC).

-3-
Introduction: Sources of water, Objectives of water analysis, Collection and preservation
of water samples, Expression of results.

Basic Concepts of Chemical Analysis
e Units of Measurements, Significant Figures
¢ Elements, Compounds and Molecular Weights, Standard Solutions

e Equivalent Weights and Chemical Reactions, Acid, Base, Complexometric Titrations,
and Redox titrations

e |onisation Equilibria, lonic Product of Water and PH — lonisation of Acids and Bases

e Alkalinity of Natural Water, Buffer Solutions ,Solbility Product, Logerthimic
Concentration Diagrams, Complex Formation, Partition Equilibrium, Common ion



Effect

Sources of the Major lons,Water Characterisation, Water Quality Consequences of the
Major lons

Dissolved Oxygen, Solubility, Winkler Method with Azide Modification

The Biochemical Oxygen Demand (BOD) Test, BOD Progression Equation, Sample
Dilution, seeding

Chemistry of Chemical Oxygen Demand (COD) Test, Relationship of COD to Other
Water Quality Parameters.

BASIC CONCEPTS OF MICROBIOLOGY

Classification of Micro, Organisms, Nutritional Requirements, Important types of
Micro, Organisms.

Culture Media, Identification and Enumeration

Indicator Bacteria, Coliform Analysis

PRINCIPLES OF INSTRUMENTAL ANAYLYSIS

Electrical Coductivity, Equations and Dimensions, Apparatus, Conductivity Factors,
Use of EC Measurement

Absorption Spectroscopy, Theory, Spectrophotometer, Measurement Procedures

Flame photometry, Nephelometry and Turbidimetry

Potentiometric Analysis, Basic Principles and Definitions, Reference Electrodes,
Indicator Electrodes, Performance Characterstic of Electrodes Calibration —lon
Selective Electrodes and applications

The Principle of Atomic Absorption Spectrophotometry, The Atomic Absorption
Spectrophometer

The Principle of Gas Chromotagraphy, Gas Chromotagraphy

WATER QUALITY PARAMETERS

Temperature, colour, odour, suspended Solids, Total Dissolved Solid, Conductivity, PH,
Dissolved Oxygen

NUTRIENTS: Nitrogen Compouds (Organic Nitrogen, Ammonia, Oxidised Nitrogen),
Phosphours Compounds

ORGANIC MATTER: Biochemical Oxygen Demand, Chemical Oxygen Demand, Total
Organic Carbon

MAJOR IONS:
Calcium,Magnesium,Sodium,Potassium,Bicarbonate,Sulphate,Chloride,Nitrate

OTHER INORGANICS:Hydrogen Sulphide, Fluoride, Boron

TRACE ELCEMENTS; Arsenic, Cadmium, chromium, Copper, Iron, Mercury,
Manganese, Lead, Nickel, Selenium, Zinc

ORGANIC CONTAMINENTS: Pesticides, Phenols, Other Organic Compounds

BIOLIGICAL



e Coliform Bacteria: Total Count Test, E,coli test or Coliform Test, Multiple Tube
Fermentation Technique for Coliform bacteria (Most Probable Number Test)

e METALS AND METALLURGY
Mineral and Ores, Classification of Ores, General Principles of Metallurgy

¢ Chemical and Instrumental Analysis of Ores and Minerals
¢ Opening of Ore/Mineral Sample
e Determination Of Major And Minor Constituents From Stock Solution
Aluminum Ores, Alumino Silicates and Other Silicates, Antimony Ores, Arsenic
Ore, Barium Ores, Bismuth Ores, Limestone, Dolomite, Magnesite and Allied
Materials, Manganese Ores, Molybdenum Ores, Nickel Ores, Pyrites,Rock
Phosphate and Apatite, Silica, Tin Ore, Titanium bearing Ores, Tungsten
Ores,Vanadium Ores, Zirconium Ores, Cement
e Spectrometric (Calorimetric) Methods Of Analysis
Standard Solution and Standardization, General Safety Precautions, Titre
Equivalent  per ml of Standard Solution
¢ Methods Of Analysis Using Atomic Absorption Spectrophotometry
Atomic Absorption Spectrophotometry, Atomic Absorption,Relation between
Atomic Absorption and Concentration, Atomization of Sample, Sample
Preparation for AAS
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