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MINUTES OF MEETING OF THE BOARD OF STUDIES IN GEOLOGY 

HELD ON 24.09.2024  

 

Vide Chowgule College notice F.133C/656 a meeting of the Board of Studies in Geology was 

convened on Tuesday, 24.09.2024 at 10:30am. Since the number of members present represented 

the quorum, the Board of Studies began its proceedings. 

 

Members present: 

1. Dr. Meghana S Devli, Chairperson 

2. Mrs. Swati S Ghadi, Member Secretary 

3. Dr. Nicole Sequeira, Vice Chancellor's Nominee 

4. Dr. Anthony Viegas, Academic Council Nominee 

5. Mr. Malcolm Afonso, Industry Expert 

6. Mr. Sachit B Kuttikar, Member 

7. Miss. Diksha D. Karapurkar, Member 

8. Miss. Siddhi S Shirodkar, Member 

 

Members attended via virtual mode: 

Google Meet joining info: 

Video call link: https://meet.google.com/gfx-rugt-fig 

Or dial: 1727-302-(US) +1 260  PIN: 584 141 426# 

 

1.  Dr. Prakash Narashimha, Academic Council Nominee 

2. Mr. Akash Mokal, Alumnus 

 

Member Absent  

 Nil 

 

Proceedings: 

The Chairperson welcomed the members of the Board of Studies in Geology. The minutes of the 

last Board of Studies in Geology held on 10.02.2024 were read by the Member Secretary and were 

approved. The meeting proceeded with the following agendas. 

Agenda 
 
1.To approve the syllabus of Semester V and VI courses as per NEP structure. 
2. To approve and select courses for Major 1 & Major 2 ( Double Major). 

3. To approve Multi Disciplinary Courses. 

4. To discuss and explore the internship opportunities for the students. 

https://meet.google.com/gfx-rugt-fig
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5. AOB 

 

 
Agenda 1: To approve the syllabus of Semester V and VI courses as per NEP structure. 

The suggestions with respect to the syllabus for the Discipline Specific Core courses ‘UG-

GEL-301: Magma Evolution and Petrogenesis of Igneous Rocks, UG-GEL-302: Rock 

Mechanics and Rock Structures, UG-GEL-303: Geophysical Exploration and Mining 

Methods and Vocational course UG-GEL-VOC2: Groundwater Exploration Techniques’ 

to be offered at Semester V was discussed and  deliberated upon.  

 
The suggestions with respect to the syllabus for the Discipline Specific Core courses ‘UG-

GEL-304: Remote Sensing and GIS for Geosciences, UG-GEL-305: Metamorphic 

Petrology, UG-GEL-306: Stratigraphy of India and Field Geology and Vocational Course 

UG-GEL-VOC3: Petroleum Exploration and Techniques’ to be offered at Semester VI was 

discussed, deliberated and suggestions accepted. 

 

Agenda 2: To approve and select courses for Major 1 & Major 2  for Double Major. 

The courses to be offered for Major 1 and Major 2  Double Major students of Geology 

were identified as per the NEP course structure. 

 

Agenda 3: To approve a MultiDisciplinary Course. 

The suggestions with respect to syllabus for the MultiDisciplinary Course, ‘UG-GEL-

MDC5 - Mineral Resources of India’ was discussed, deliberated and accepted. 

 

Agenda 4: To discuss and explore the internship opportunities for the students. 

The internship opportunities related to geosciences in the field of  groundwater 

investigations, GIS, online skill/research internships provided by GeoVigyan, ISRO, 

NCPOR, NIO were discussed. 

 

Agenda 5: AOB: 

In view of the Outcome Based Education and its implementation the following two changes 

were proposed 

a. change of terminology from Programme Learning Outcomes (PLO) to Programme 

Specific Outcomes (PSO) 

b. Change in PSO 4  to include Indian Knowledge System (IKS). 

 

PART A: The Board of Studies passed the resolutions as follows: 

1. The Board approved the syllabus of the courses to be offered at Semester V and VI in 

Geology (Annexure A) and passed a resolution to incorporate it for the batch of students 

enrolled under NEP 2020 w.e.f academic year 2025-26. 

 

2. The Board approved the courses to be offered for Major 1 and Major 2 Double Major 

students of Geology under the Double Major structure for 3-year and 4-year Undergraduate 

Programme  and passed a resolution to incorporate it for the batch of students enrolled 

under NEP 2020.  
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3. The Board approved the syllabus (Annexure A) of the MultiDisciplinary course, UG-GEL-

MDC4- Mineral Resources of India’ and passed a resolution to incorporate it for the batch 

of students enrolled under NEP 2020 in academic year 2025-26. 

 

4. The internship opportunities related to geosciences in the field of  groundwater 

investigations, GIS, online skill/research internships provided by GeoVigyan, ISRO, 

NCPOR, NIO were approved. 

 

5. The Board approved and passed a resolution to incorporate the proposed changes in the 

Programme Specific Outcomes. The changes suggested were of terminology from 

Programme Learning Outcomes (PLO) to Programme Specific Outcomes (PSO) and to 

revise PSO 4  to include Indian Knowledge System (Annexure A). 

 
PART B: Important Points/ recommendations of BOS that require consideration / approval 

of Academic Council: 

 

1. To seek approval for the Semester V Discipline Specific Core courses ‘UG-GEL-301: 

Magma Evolution and Petrogenesis of Igneous Rocks, UG-GEL-302: Rock Mechanics and 

Rock Structures, UG-GEL-303: Geophysical Exploration and Mining Methods and 

Vocational course UG-GEL-VOC2: Groundwater Exploration Techniques’  and Semester 

VI Discipline Specific Core courses ‘UG-GEL-304: Remote Sensing and GIS for 

Geosciences, UG-GEL-305: Metamorphic Petrology, UG-GEL-306: Stratigraphy of India 

and Field Geology and Vocational Course UG-GEL-VOC3: Petroleum Exploration and 

Techniques’ and incorporate it for the batch of students enrolled under NEP 2020 w.e.f 

academic year 2025-26 (Annexure A). 

 

2. To seek approval of the courses to be offered for Major 1 and Major 2 Double Major 

students of Geology under the Double Major structure for 3-year and 4-year Undergraduate 

Programme  for the students enrolled under NEP 2020 (Annexure A).  

 

3. To seek approval of the syllabus of the MultiDisciplinary course, UG-GEL-MDC4- 

Mineral Resources of India’ to incorporate it for the batch of students enrolled under NEP 

2020 w.e.f. academic year 2025-26(Annexure A). 

 

4. To seek approval for the two changes proposed with respect to the Outcome Based 

Education and its implementation: to change terminology from Programme Learning 

Outcomes (PLO) to Programme Specific Outcomes (PSO) and to modify PSO 4  to include 

Indian Knowledge System (IKS) (Annexure B). 

 

The following members of the Board of Studies in Geology were present for the meeting. 

Members present: 

1. Dr. Meghana S Devli, Chairperson 

2. Mrs. Swati S Ghadi, Member Secretary 

3. Dr. Nicole Sequeira, Vice Chancellor's Nominee 

4. Dr. Anthony Viegas, Academic Council Nominee 

5. Mr. Malcolm Afonso, Industry Expert 

6. Mr. Sachit B Kuttikar, Member 

7. Miss. Diksha D. Karapurkar, Member 
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8. Miss. Siddhi S Shirodkar, Member 

 

 

 

Members attended via virtual mode: 

1. Dr. Prakash Narashimha, Academic Council Nominee 

2. Mr. Akash Mokal, Alumnus 

 

Member Absent  

 Nil 

    

 

     

                                          

Member Secretary          Chairperson 

Board of Studies in Geology                  Board of Studies in Geology 

 

Date: 01-10-2024 
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PART C:The remarks of the Dean of the Faculty:- 

a. The minutes are in order. 

b. The minutes may be placed before the Academic Council with remarks, if any. 

c. Important points of the minutes which need clear policy decision of the Academic  

Council to be recorded. 

 

Date:   

 

 

Signature of the Academic Dean:     _________________ 

Dr. Meghana Devli 

 

 

 

 

PART D: The remarks of the Members Secretary of the Academic Council:- 

 

a.       The minutes are in order. 

b.       The minutes may be placed before the Academic Council with remarks, if any. 

c.       ImportantpointsoftheminuteswhichneedclearpolicydecisionoftheAcademic 

Council to be recorded. 
 
 

Date: 

 

Signature of the Member Secretary                                                            _________________           

Academic Council                                                                                        Mr. V.C. Kumaresh 
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ANNEXURE A 
 

 
 

SYLLABUS FOR SEMESTER V AND VI UNDERGRADUATE PROGRAMME IN 

GEOLOGY 

(to be implemented w.e.f. Academic Year 2025-2026) 

COURSE STRUCTURE FOR SINGLE MAJOR OR MAJOR-MINOR 

SEMEST

ER 

MAJOR 

(4 credits/ 

course) 

MINOR/ 

VOCATIONAL 

(4 credits/ 

course) 

MDC 

(3 credits/ 

course) 

SEC 

(3 credits/ 

course) 

VAC 

(2 credits/ 

course) 

I 

  

UG-GEL-101: 

Fundamentals of 

Geology  

UG-GEL-101: 

Fundamentals of 

Geology   

UG-GEL-

MDC1:Natural 

Hazard 

Management  

UG-GEL-MDC2: 

Historical 

Geology 

UG-GEL-SEC1: 

Exploratory 

Drilling and 

Drillhole Data 

Management 

UG-GEL-VAC1: 

Mineral Resource 

Management and 

Sustainable 

Practices 

UG-GEL-VAC2: 

Geo-indicators 

and Climate 

Change 

II 

  

UG-GEL-

102:Earth 

Dynamics and 

Tectonism 

UG-GEL-

102:Earth 

Dynamics and 

Tectonism  

  UG-GEL-

SEC2:Field 

Techniques for 

Geological 

Mapping 

UG-GEL-VAC2: 

Geo-indicators 

and Climate 

Change 

III 

  

UG-GEL-201: 

Optical 

Mineralogy  

 UG-GEL-203: 

Earth Processes 

and Landforms 

UG-GEL-MDC3: 

Physical Geology 

UG-GEL-SEC3: 

Gemmology  

  

  

 

UG-GEL-202: 

Stratigraphy and 

Paleontology 

IV 

  

UG-GEL-203: 

Mineralogy 

UG-GEL-VOC1: 

Occupational 

Health and 

Safety 

     

UG-GEL-204: 
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Ore Genesis 

UG-GEL-205: 

Geotectonics 

UG-GEL-206: 

Sedimentary 

Petrology 

V 

  

UG-GEL-301: 

Magma 

Evolution and 

Petrogenesis of 

Igneous Rocks 

UG-GEL-VOC2: 

Groundwater 

Exploration 

Techniques  

     

UG-GEL-302: 

Rock Mechanics 

and Rock 

Structures 

 

UG-GEL-303: 

Geophysical 

Exploration and 

Mining Methods 

VI 

  

UG-GEL-304: 

Remote Sensing 

and GIS for 

Geosciences 

UG-GEL-VOC3: 

Petroleum 

Exploration and 

Techniques 

  

     

UG-GEL-305: 

Metamorphic 

Petrology 

UG-GEL-306: 

Stratigraphy of 

India and Field 

Geology 

UG-GEL-PRJ: 

Minor Project 

VII 

  

UG-GEL-401: 

Geochemistry 

and 

Geochronology 

       

UG-GEL-402: 

Engineering 

Geology and 

Geotechnology 
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UG-GEL-403: 

Rock 

Microstructures 

and 

Deformation 

UG-GEL-404: 

Climate 

Geology  

VIII 

  

UG-GEL-405: 

Environment 

Monitoring and 

Modelling 

       

UG-GEL-406: 

Advanced 

Igneous 

Petrology 

UG-GEL-407: 

Geological Field 

Training 

UG-GEL-408: 

Ocean Sciences 
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COURSE STRUCTURE FOR FOUR-YEAR DOUBLE MAJOR PROGRAMME IN 

GEOLOGY 

SEMESTE

R 

MAJOR 1 

(4 credits/ 

course) 

MAJOR 2 

(4 credits/ 

course 

VOCATIONA

L 

(4 

credits/course) 

MDC 

(3 credits/ 

course) 

SEC 

(3 credits/ 

course) 

VAC 

(2 credits/ 

course) 

I 

  

UG-GEL-101: 

Fundamentals 

of Geology  

UG-GEL-101: 

Fundamentals 

of Geology   

 UG-GEL-

MDC1: 

Natural 

Hazard 

Management  

UG-GEL-

SEC1: 

Explorator

y Drilling 

and 

Drillhole 

Data 

Manageme

nt 

UG-GEL-

VAC1: 

Mineral 

Resource 

Managem

ent and 

Sustainabl

e Practices 

 UG-GEL-

MDC2: 

Historical 

Geology 

UG-GEL-

VAC2: 

Geo-

indicators 

and 

Climate 

Change 

II 

  

UG-GEL-102: 

Earth 

Dynamics and 

Tectonism 

UG-GEL-102: 

Earth 

Dynamics and 

Tectonism 

   UG-GEL-

SEC2: 

Field 

Techniques 

for 

Geological 

Mapping 

UG-GEL-

VAC2: 

Geo-

indicators 

and 

Climate 

Change 

III 

  

UG-GEL-201: 

Optical 

Mineralogy  

UG-GEL-201: 

Optical 

Mineralogy 

  UG-GEL-

MDC3: 

Physical 

Geology 

UG-GEL-

SEC3: 

Gemmolog

y   

  

 

UG-GEL-202: 

Stratigraphy 

and 

Paleontology 

IV 

  

UG-GEL-203: 

Mineralogy 

UG-GEL-203: 

Mineralogy 

UG-GEL-

VOC1: 

Occupational 

Health and 

Safety 

     

UG-GEL-206: 

Sedimentary 

Petrology UG-GEL-206: 

Sedimentary 

Petrology 
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V 

  

UG-GEL-301: 

Magma 

Evolution and 

Petrogenesis of 

Igneous Rocks 

UG-GEL-302: 

Rock 

Mechanics and 

Rock 

Structures 

UG-GEL-

VOC2: 

Groundwater 

Exploration 

Techniques  

     

UG-GEL-302: 

Rock 

Mechanics and 

Rock 

Structures 

VI 

  

UG-GEL-305: 

Metamorphic 

Petrology 

UG-GEL-306: 

Stratigraphy of 

India and Field 

Geology 

UG-GEL-

VOC3: 

Petroleum 

Exploration 

and 

Techniques 

  

     

UG-GEL-306: 

Stratigraphy of 

India and Field 

Geology 

UG-GEL-PRJ: 

Minor Project 

VII 

  

UG-GEL-401: 

Geochemistry 

and 

Geochronology 

UG-GEL-401: 

Geochemistry 

and 

Geochronology 

       

UG-GEL-402: 

Engineering 

Geology and 

Geotechnology  

UG-GEL-402: 

Engineering 

Geology and 

Geotechnology 
UG-GEL-404: 

Climate 

Geology 

VIII 

  

UG-GEL-405: 

Environment 

Monitoring and 

Modelling 

UG-GEL-406: 

Advanced 

Igneous 

Petrology 

       

UG-GEL-406: 

Advanced 

Igneous 

Petrology 

UG-GEL-407: 

Geological 

Field Training 
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UG-GEL-408: 

Ocean 

Sciences 
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SEMESTER V 

 

Course Title : MAGMA EVOLUTION AND PETROGENESIS OF IGNEOUS ROCKS  

(CORE: THEORY)  

Course Code : UG-GEL-301  

Semester  : V  

Credits  : 03  

Marks          : 75  

Hours   : 45 

 

Course Prerequisites: Courses - UG-GEL-101: Fundamentals of Geology, UG-GEL-201: Optical 

Mineralogy, UG-GEL-203: Mineralogy or related courses. 

 

Course Objectives: The course will help the students to understand petrologic processes and 

common rock types and determine the formation of various rock types and its associated 

characteristics. In practical’s, students shall learn to identify, describe and classify rocks using 

hand specimens and rock thin sections along with deducing the name of the rock using normative 

calculations.  

Course Learning Outcomes: 

Upon successful completion of the course, student will be able to: 

CLO1 explain what are meteorites, concepts of igneous petrology and apply it to magma  

generation, tectonism, and magma differentiation.  

CLO2 interpret the crystallization of melts by studying the various textures and  

microstructures.  

CLO3 appraise the formation of various rock types and its associated characteristics 

CLO4 identify, describe, and classify igneous rocks using hand specimens and thin  

sections and deduce the name of the igneous rock using normative analysis.  

 

Module I: Magmatism and magma evolution     (15 hours) 

Meteorites: classification 

Composition of primitive mantle. 

Concepts of igneous petrology: terrestrial heat flow, geothermal gradients through time, origin, 

and nature of magma. 

Magmatism in different tectonic settings: 

Magmatism in the oceanic domains :Mid Oceanic Ridge Basalt (MORB); Ocean Island Basalt 

(OIB). 

Magmatism along the plate margins (island arcs/continental arcs). 

Magma generation in crust and mantle, their emplacement and evolution 

Magmatic Differentiation and Diversity: 

Closed-system magmatic differentiation processes (a) Crystal-melt fractionation - 

Gravitational segregation, Flowage segregation, Filter pressing, Convective melt fractionation 

(b) Magma immiscibility (c) Melt-fluid separation and Vapour transport and thermos-

gravitational diffusion.  
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Open-system magmatic differentiation processes (a) Magma Mingling (b) Magma 

Assimilation (c) Magma Mixing. 

 

Module II: Phase diagrams; textures and classification of igneous rocks (15 hours) 

Ternary Phase diagram in understanding crystal-melt equilibrium in basaltic magmas: Diopside-

Albite-Anorthite (Di-Ab-An). 

Nucleation and growth of igneous minerals. 

Textures and microstructures of igneous rocks based on: 

Crystallinity: holocrystalline, hemi crystalline, holohyaline. 

Granularity: phaneritic and aphanitic. 

Shape of crystals: euhedral/ panidiomorphic, subhedral/ hypidiomorphic, anhedral/ 

allotriomorphic. 

Mutual relationship between crystalline and non-crystalline material:  

Equigranular textures: Microgranitic, orthophyric, felsitic.  

Inequigranular textures: Porphyritic - vitrophyric, felsophyric, glomeroporphyritic. Poikilitic -     

ophitic, sub-ophitic, hyalophitic.  

Intersertal and Intergranular textures. Intergrowth textures: graphic - granophyric, myrmekitic, 

corona - kelyphitic rims.  

Exsolution textures: perthitic, antiperthite.  

Miscellaneous textures: directive/flow - vesicular, amygdaloidal, pilotaxitic, trachytic; 

rapakivi, eutaxitic, devitrification - felsites,  perlitic cracks; spherulitic, spinifex, orbicular, 

variolitic, compositional zoning, cumulates. 

Classification of Igneous Rocks: 

The International Union of Geological Sciences (IUGS) classification:: Quartz, Alkali Feldspar, 

Plagioclase Feldspar, Foids (QAPF) diagrams for plutonic and volcanic igneous rocks; 

classification based on Total Alkali and Silica contents (TAS).  

 

Module III: Petrology, classification and petrogenesis of igneous rocks  (15 hours) 

Study of the following rock types with respect to petrography, classification and petrogenesis 

Mafic Igneous rocks  - Basalts and Gabbros. 

Felsic Igneous rocks - Granitoids. 

Komatiites, Anorthosites, Carbonatites, Kimberlites and Lamproites. 

Ophiolites Suite. 

 

Course Title : MAGMA EVOLUTION AND PETROGENESIS OF IGNEOUS ROCKS   

(CORE: PRACTICAL)  

Course Code : UG-GEL-301  

Semester  : V  

Credits  : 01 

Marks          : 25 

Hours   : 30 

 

List of Practicals 

1. Study of fifteen igneous rocks in hand specimen.     (08 hours) 

2. Study of fifteen igneous rocks in thin sections     (08 hours) 

3. Modal analysis          (04 hours) 
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4. Calculations of Cross Iddings Pirsson Washington (CIPW) Normative analysis and  

deducing the name of the igneous rock      (10 hours) 

 

REFERENCES 

Mandatory Reading: 

● Frost, B. R., and Frost, C. D. (2014). Essentials of Igneous and Metamorphic Petrology. 

Cambridge University Press. 

● Philpotts, A., & Ague, J. (2010). Principles of Igneous and Metamorphic Petrology. 

Cambridge University Press, New York. 

● Gill, R. (2010). Igneous rocks and process – A Practical Guide. Wiley-Blackwell. 

● Winter, J.D. (2009). Principles of Igneous and Metamorphic Petrology. Prentice Hall. 

● MacKenzie, W. S., Donaldson, C H., and Guilford, C. (1982). Atlas of Igneous Rocks and 

their Textures. Wiley. 

 

Supplementary Reading: 

● Best, M.G. (2002). Igneous and Metamorphic Petrology, (2nd ed). Blackwell, Oxford. 

● Bose, M.K. (1997). Igneous Petrology. The World Press, Kolkata. 

● Raymond, A. L. (1995). Petrology-The study of Igneous Sedimentary and Metamorphic 

rocks. Wm. C. Brown Communications, Inc.; USA. 

● Moorehouse, W. W. (1959). The study of rocks in thin sections. New York. 

 

Web References: 

● https://www.cambridge.org/core/books/abs/principles-of-igneous-and-metamorphic-

petrology/references/ 

● https://www2.tulane.edu/~sanelson/eens212/intro_textures.pdf 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.cambridge.org/core/books/abs/principles-of-igneous-and-metamorphic-petrology/references/
https://www.cambridge.org/core/books/abs/principles-of-igneous-and-metamorphic-petrology/references/
https://www2.tulane.edu/~sanelson/eens212/intro_textures.pdf
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Course Title : ROCK MECHANICS AND ROCK STRUCTURES (CORE: THEORY) 

Course Code : UG-GEL-302 

Semester  : V  

Credits  : 03  

Marks          : 75  

Hours   : 45 

 

Course Prerequisites: Course - UG-GEL-102: Earth Dynamics and Tectonism or related courses. 

 

Course Objectives: The course is designed for the students to understand the geometry and 

mechanics of the various geological structures that result through the deformative processes 

operative within the earth.  

Course Learning Outcomes: 

Upon successful completion of the course, student will be able to: 

CLO1 explain primary and secondary structures in rocks and apply to  

stratigraphic problems; also, relate stress and strain in explaining the geometry in  

rocks  

CLO2 explain and examine the mechanisms involved in the creation of different    

           geological features.    

CLO3 classify different kinds of rock structures and describe the mechanisms of their  

generation.  

CLO4 draw cross- sections, describe and solve  geological maps, graphical problems. 

 

Module I: Rock Deformation and Stress-Strain Analysis    (15 hours) 

Primary and secondary structures. 

Concept of rock deformation. 

Physical-mechanical properties of rocks: density, isotropic and anisotropic rocks, tensile strength, 

compressive strength, elasticity, rupture. competent and incompetent rocks 

Stress and strain in rocks, 2-D stress and strain analysis; introduction to Mohr Circle diagram 

Flinn diagram 

 

Module II:  Joints, Faults, Shear zones and Diapirs    (15 hours) 

Brittle and ductile deformation 

Joints: joints and fracture mechanics, classification of joints - geometric and genetic 

classification. 

Faults: terminology, anatomy, classification, criteria for recognition of faults in the field. . 

shear zones- pseudotachylites and mylonites. Shear sense indicators- mica fish, boudinage, 

porphyroclast. 

 

Module III: Folding, Cleavage, Foliation and Lineation                                     (15 hours)  

Folds- morphology; geometric and genetic classification: Ramsay classification of folds;  

mechanics and causes of folding. 

Flexural slip and flexural flow, orthogonal flexural folding, kinking and chevron folding, 

ptygmatic folds, sheath folds. 

Fold interference pattern and refolded fold. 

Cleavage and foliation: types, origin, and relation to major structures, s-c foliation. 
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Lineation: description, origin of lineation and types of lineation. 

Lineation and relationship with folds. 

 

Course Title : ROCK MECHANICS AND ROCK STRUCTURES  

(CORE: PRACTICAL)  

Course Code : UG-GEL-302  

Semester  : V  

Credits  : 01 

Marks          : 25 

Hours   : 30 

 

List of Practicals 

1. Solving mathematical problems involving stress and strain                             (04 hours) 

2. Describe and solve geological maps involving  horizontal beds, inclined beds, 

sills, dyke - horizontal and inclined  and unconformity.                                   (12 hours)                                                                                                            

3. Outcrop completion using the structural data.                                                  (04 hours) 

4. Stereographic projection of structural data.         (06 hours) 

5. Graphical solution for structural problems.                                                      (04 hours) 

 

 REFERENCES 

Mandatory Reading: 

● Hobbs, B., & Alison, O. R. D. (2014). Structural Geology: The Mechanics of Deforming 

Metamorphic Rocks. Elsevier Science Publishing Co. Inc. 

● Fossen, H. (2010). Structural Geology. Cambridge University Press.  

● Twiss, R. J., & Moores, E. M. (2006). Structural Geology. W H Freeman and Company.  

● Pollard, D. D., & Fletcher, R. C. (2005). Fundamentals of Structural Geology. Cambridge 

University Press. 

● Van der Pluijm, B. A., & Marshak, S. (2004). Earth structure: An introduction to structural 

geology and tectonics (2nd ed.). W. W. Norton & Company. 

 

Supplementary Reading: 

● Davis, G. H. (1996). Structural Geology of Rocks and Regions. Wiley. 

● Hatcher, R. (1995). Structural Geology: Principles, Concepts and Problems. Pearson.  

 

Web References: 

● https://www.visiblegeology.com/  

● NPTEL/SWAYAM course on “Structural Geology” by Prof. Santanu Misra, IIT 

kanpur.https://nptel.ac.in/courses/105104191. 

● Dishtavo course on “ Structural Geology” 

.https://dishtavo.dhe.goa.gov.in/course_details_tab.php   

 

 

 

 

  

https://www.visiblegeology.com/
https://nptel.ac.in/courses/105104191
https://dishtavo.dhe.goa.gov.in/course_details_tab.php
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Course Title : GEOPHYSICAL EXPLORATION AND MINING METHODS  

(CORE: THEORY)  

Course Code : UG-GEL-303 

Semester  : V  

Credits  : 03  

Marks          : 75  

Hours   : 45 

 

Course Prerequisites: Courses - UG-GEL-101: Fundamentals of Geology; UG-GEL-204: Ore 

Genesis or related courses. 

 

Course Objectives: Mining is a vital source of revenue for both the central and state governments, 

and it serves as a significant employment avenue for geologists. This course is designed to provide 

undergraduate students with a foundational understanding of key mining processes, from 

exploration to exploitation. Additionally, the course will familiarize students with important 

government regulations governing mining operations and mineral conservation practices. 

 

Course Learning Outcomes:  

Upon successful completion of the course, student will be able to: 

CLO1 explain different stages of mine development and explain basic principles of  

geophysical exploration methods.  

CLO2 compare various sampling methods and drilling methods, explain process of estimation of           

ore reserves and framework of Joint Ore Reserves Committee (JORC) and United Nations 

Framework Classification for Resources (UNFC) classification of resources.  

CLO3 differentiate between open pit and underground mining methods, and factors 

influencing mining method selection, explain beneficiation principles, and assess the 

environmental impacts of mining and need for a robust regulatory framework for 

sustainable mining. 

CLO4 perform core logging and estimate ore reserves using various methods. 

 

 

Module I: Mineral exploration        (15 hours) 

Mineral demand and environment, national mineral scenario. 

Mining terminologies: ore, mineralisations, prospects, deposits. 

Stages of mine development. 

Mineral exploration: sequence and phases. 

Topographic surveys 

Float ores and in situ ores; stratiform deposits; vein type deposits . 

Methods of exploration: geobotanical, geochemical and geophysical. 

Geophysical methods: principles, instrumentation, anomalies, corrections, interpretation;  

Electrical method (Self-potential method); gravity method and magnetic method. 

Aerial geophysical surveys  

Geographical Information Systems and Exploration Databases: The need for Digital Exploration 

Databases. 
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Module II: Methods of sampling, drilling and estimation of ore reserves.  (15 hours) 

Sampling methods: pits, trenches and boreholes 

Drilling: core and non-core drilling 

Diamond core drilling: equipment and accessories 

Core logging procedure 

Core sampling procedure 

Sludge, combining assay returns from sludge and core 

Estimation of ore reserves 

Cross-sectional method: extrapolation of the cross-sections and interpolation between Cross-

sections 

Triangulation method 

Categorisation of resource: Joint Ore Reserves Committee (JORC) and United Nations Framework 

Classification for Resources (UNFC) classification 

 

Module III: Mining methods, ore beneficiation, environment impact and policies.  

(15 hours) 

Mining Methods: Open pit mining and Underground mining 

Open pit mine terminologies 

Factors influencing choice of mining method 

Underground mining methods: selective and bulk methods 

Unconventional mining methods: alluvial mining: dredging; in-situ leaching method 

Beneficiation: principles and methods   

Environmental impact of mining and mitigation measures. 

National Mineral Policy overview. 

Mineral Conservation and Development Rules, 1988: provisions and practices for sustainable 

mining 

 

Course Title : GEOPHYSICAL EXPLORATION AND MINING METHODS  

(CORE: PRACTICAL)  

Course Code : UG-GEL-303  

Semester  : V  

Credits  : 01 

Marks          : 25  

Hours   : 30 

 

List of Practicals 

1. Combining assay of Sludge and core samples                                                   (02 hours) 

2. Measuring attitude of planar features in an oriented core.                                    (02 hours)   

3. Drawing cross and longitudinal sections using bore-hole data and reserve estimation using 

cross sectional method                                                                                    (10 hours) 

4. Creating a slice plan using bore-hole data and level wise tonnage calculation    (06 hours) 

5. Creating a digital drillhole database using MS Excel and importing in QGIS for 3D 

visualization                (04 hours) 
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6. Problems based on estimation of ore reserves using Weighted volume estimation method, 

Triangulation method, Prismoidal method                                                 (06 hours)                                        

  

REFERENCES 

Mandatory Reading: 

● Dessai, A. G. (2023). Geology and environment of Goa Issues and concerns. Goa: Qurate 

books pvt ltd,. 

● Valdiya, K. S. (2011). Geology, Environment and Society. Hyderabad: Universities Press 

(India) Private Limited.Abzalov, M. (2016). Applied Mining Geology. Switzerland: 

Springer International Publishing. 

● Marjoribanks, R. (1997). Geological Methods in Mineral Exploration and Mining. 

Springer-Science. 

● Babu, S. K., & Sinha, D. K. (1988). Practical Manual of Exploration and Prospecting. 

CBS Publishers and Distributors, New Delhi. 

● Dobrin, M. B., & Savit, C. H. (1988). Introduction to Geophysical Prospecting. McGraw 

Hill Inc. 

● Rao, R., & Prasaranga, M.B. (1975). Outlines of Geophysical Prospecting A Manual for 

Geologists. University of Mysore, Mysore 

● Arogyaswamy, R. N. P. (1973). Courses in Mining Geology, Oxford & IBH Publishing 

Co. 

 

 

Supplementary Reading: 

● Keller, E. A. (2011). Environmental Geology. Pearson Prentice Hall. 

● Sharma, J. P. (2009). Environmental Studies. Laxmi Publications (P) Ltd, New Delhi. 

● Lowrie, W. (2007). Fundamentals of Geophysics. Cambridge University Press. 

● Telford, W. M., Geldart, L. P., & Sheriff, R. E. (1990). Applied geophysics (Vol. I). 

Cambridge University Press. 

● Bhimasarikaram, V.L.S. (1990). Exploration Geophysics - An Outline by Association 

of Exploration Geophysicists. Osmania University, Hyderabad. 

● Peters, W C. (1987). Exploration and Mining Geology, Wiley. 

● RSinha, R. K., & Sharma N. L. (1970). Mineral Economics. Oxford & IBH Publishing Co. 

● McKinstry, H. E. (1948). Mining Geology, Prentice-Hill Inc.  

Web References: 

https://mines.gov.in/webportal/home 

https://ibm.gov.in/IBMPortal/pages/Indian_Minerals_Yearbook 

https://bhukosh.gsi.gov.in/Bhukosh 

 

 

 

  

https://mines.gov.in/webportal/home
https://ibm.gov.in/IBMPortal/pages/Indian_Minerals_Yearbook
https://bhukosh.gsi.gov.in/Bhukosh
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Course Title :GROUNDWATER EXPLORATION TECHNIQUES  

(VOCATIONAL: THEORY)  

Course Code : UG-GEL-VOC2 

Semester  : V  

Credits  : 03  

Marks          : 75  

Hours   : 45 

 

Course Prerequisites: Nil 

 

Course Objectives: To impart knowledge about groundwater, its movement, methods of its 

exploration, the criteria of its quality, methods of its conservation, recharge of groundwater, 

monitoring of groundwater quality and quantity. The course is aligned to the Indian Knowledge 

System. 

Course Learning Outcomes: 

Upon successful completion of the course, student will be able to: 

CLO1 explain the concept of Groundwater, its sub- surface distribution and sources, apply  

the rock properties of porosity and permeability affecting the movement of groundwater 

and identify various types of aquifers.  

CLO2 to demarcate aquifers using electrical resistivity and gravity methods and to  

determine water quality by analyzing various physico-chemical and biological  

parameters for sustainable groundwater extraction and usage.  

CLO3 evaluate the effects of over withdrawal of groundwater and waterlogging, and  

propose mitigation measures.   

CLO4 construct flow-nets from groundwater levels, solve numerical problems related to  

aquifers, infiltration and determine water quality based on various parameters. 

 

Module I: Groundwater and hydrogeology     (15 hours) 

Hydrologic cycle and its components. 

Factors controlling all the components: evaporation, precipitation, runoff, infiltration and 

hydrological budget. 

Vertical distribution of groundwater. 

Types of groundwater: soil water, vadose, capillary water, meteoric water. 

Rock properties affecting movement of groundwater: Porosity - primary and secondary, effective 

porosity, specific retention, controlling factors of porosity; Permeability: Darcy’s law, laboratory 

methods of measurement of permeability - constant head, falling head; specific yield. 

Relation between grain size, porosity, specific yield and specific retention. 

Definition of an aquifer, aquiclude, aquitard, aquifuge, and types of aquifers: unconfined, confined 

(artesian), perched aquifer. 

Types of wells, drilling methods, construction, design, development and maintenance of wells 

 

Module II: Groundwater exploration and water quality     (15 hours) 

Groundwater Exploration:  Electrical resistivity methods, gravity method 

Groundwater levels and Flow nets 

Aquifer parameters: transmissivity, storability, hydraulic conductivity, and methods of 

determining hydraulic conductivity: pumping test and tracer test 
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Drawdown and cone of depression, 

Pump test methods: methods, data analysis and interpretation 

Groundwater quality: 

● Parameters: physical, chemical and biological 

● Major, minor and trace constituents. 

● Indian Standards (IS) for drinking water 

● World Health Organization (WHO) standards of drinking water 

Geological and Hydrogeological setup of India 

 

Module III: Overexploitation and pollution effects on groundwater and remedial  

measures           (15 hours) 

Effects of withdrawal, effects of waterlogging 

Artificial recharge, rainwater harvesting 

Saline water intrusion in aquifer 

Ghyben-Hertzberg relation, measures to prevent saline water intrusion. 

Arsenic and Fluoride contamination with case studies 

Groundwater pollution: sources and remediation, attenuation of groundwater pollution. 

 

Course Title : GROUNDWATER EXPLORATION TECHNIQUES  

(VOCATIONAL: PRACTICAL)  

Course Code : UG-GEL-VOC2 

Semester  : V  

Credits  : 01 

Marks          : 25  

Hours   : 30 

 

List of Practicals 

1. Infield data collection and sampling of groundwater, along with graphical presentation of 

chemical data of water for assessing water quality           (10 hours) 

2. Construct flow nets and determination of depth to the water table from bore hole      

data.                 (06 hours) 

3. Solve numerical problems on determination of porosity, bulk density, saturation percentage 

and void ratio of sample.                        (04 hours) 

4. Problems based on Ghyben–Hertzberg formulae           (04 hours) 

5. Exercises on infiltration              (04 hours) 

6. Demonstration of resistivity surveying                             (02 hours) 

 

REFERENCES 

Mandatory Reading: 

● Todd, D.K., & Mays, L.W. (2012). Groundwater Hydrology (3rd ed.).  Wiley India Pvt. 

Ltd. 

● Ragunath, H. M. (1983). Groundwater. Wiley Eastern Ltd, New Delhi. 

● Karanth, K. R. (1987). Groundwater Assessment, Development and Management. Tata 

McGraw Hill, New Delhi, 720. 
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Supplementary Reading: 

● Woessner, W. W., & Poeter, E. P. (2020). Hydrogeologic Properties of Earth Materials 

and Principles of Groundwater Flow. The Groundwater Project, Guelph, Ontario, Canada.  

● Andrew, J.B.C., & John, A. C. (2020). Conceptual and Visual Understanding of Hydraulic 

Head and Groundwater Flow. The Groundwater Project, Guelph, Ontario, Canada.  

● Keller, E.A. (2011). Environmental Geology (4th ed.). CBS Publishers, New Delhi. 

● Hiscock, K., & Bense, V F. Hydrogeology: Principles and Practice.  2nd Edi (2014) 

● Valdiya, K. S. (1987).  Environmental Geology: Indian Context. Tata-McGraw Hill. 

 

Web References: 

● https://books.gw-project.org/conceptual-and-visual-understanding-of-hydraulic-head-

and-groundwater-flow/front-matter/copyright/ 

● https://gw-project.org/books/hydrogeologic-properties-of-earth-materials-and-principles-

of-groundwater-flow/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

https://books.gw-project.org/conceptual-and-visual-understanding-of-hydraulic-head-and-groundwater-flow/front-matter/copyright/
https://books.gw-project.org/conceptual-and-visual-understanding-of-hydraulic-head-and-groundwater-flow/front-matter/copyright/
https://gw-project.org/books/hydrogeologic-properties-of-earth-materials-and-principles-of-groundwater-flow/
https://gw-project.org/books/hydrogeologic-properties-of-earth-materials-and-principles-of-groundwater-flow/
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SEMESTER VI 

Course Title : REMOTE SENSING AND GIS FOR GEOSCIENCES  

(CORE: THEORY)  

Course Code : UG-GEL-304  

Semester  : VI 

Credits  : 03  

Marks          : 75  

Hours   : 45 

 

Course Prerequisites: Students should carry their own laptops. 

 

Course Objectives: This course aims to cover Remote Sensing principles, focusing on 

electromagnetic radiation interactions with Earth and the atmosphere, and sensor technologies. 

Students will use GIS in learning data models and for geospatial data interpretation. 

By integrating these skills, students will be prepared to apply Remote Sensing and GIS 

technologies in real-world geoscience applications, such as geological mapping, mineral 

exploration, natural hazard assessment, and environmental monitoring, to support informed 

decision-making in resource management and environmental conservation. 

 

Course Learning Outcomes: 

Upon successful completion of the course, student will be able to: 

CLO1 explain Remote Sensing principles, electromagnetic spectrum, sensor types, radiation               

laws, and spectral analysis. Select suitable data for solving geological and 

geomorphological issues based on resolution characteristics.  

            

CLO2 differentiate between raster and vector GIS models, procure satellite data, use GIS  

software, apply coordinate systems, perform georeferencing, enhance images, manipulate   

data, and analyze spatio-temporal variations in geological and geomorphological    

contexts.  

CLO3 apply supervised and unsupervised classification, analyze lithological and structural   

data,evaluate coastal vulnerability, design mineral exploration strategies, and  

assess the geological hazard impacts.  

 

CLO4 rectify remotely sensed data and their utilization using various analysis techniques to  

solve application-based problems in geosciences  

 

Module I: Introduction to Remote Sensing (RS)            (15 hours) 

Introduction: Definition, Scope of Remote Sensing in Geosciences; Stages of Remote Sensing; 

Electromagnetic Spectrum; Objectives of active and passive sensors with examples- RISAT, 

LANDSAT, ResourceSat. 

Principles of radiation: Kirchoff’s Law, Stefan-Boltzmann Law, Wien’s Displacement Law, 

Planck’s Law. Atmospheric, Radiometric and Geometric correction methods.  

Energy interactions with Earth surface features: Spectral Reflectance of geologic materials rocks, 

soil, water, glaciers and vegetation. Overview of spectral reflectance in studying extra-terrestrial 

objects. 

Data products to study land (LANDSAT, ResourceSat, CartoSat) and Ocean (OceanSat, MODIS).  
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Selection of data for addressing spatio-temporal problems based on Spectral, Spatial, Radiometric 

and Temporal Resolution in geomorphodynamics, geological mapping, mineral exploration, and 

natural hazards monitoring 

Module II: Introduction to Geographic Information System (GIS)         (15 hours) 

Introduction: GIS data models- Raster and Vector, their advantages and disadvantages;  

Sources of satellite data: Earth Explorer, Glovis, Bhuvan, Bhoonidhi, TerraIncognita 

Installation and overview of GIS softwares: Quantum GIS, Integrated Land and Water Information 

System (ILWIS), ArcGIS. 

Geographic and Projected coordinate Systems; their advantages and limitations. Need and methods 

for georeferencing. Georeferencing geological maps, Geological data modelling (geological 

features- faults, folds, ore bodies); 3-D geological visualization. 

Image Enhancement for extraction of geological features (land cover, lineaments, lithology): 

Contrast enhancement, Spatial filtering. 

Data manipulation techniques: Arithmetic Operations, band ratioing, interpolation, prioritization, 

overlay.  

Spatio-temporal data analysis: spatial variations (lithology) and temporal dynamics 

(geomorphology);  

 

Module III: Integration of remotely sensed (RS) data and Geographic Information System 

(GIS) for applications in Geosciences                                                                      (15 hours) 

Image classification methods: Unsupervised and Supervised Classification. 

Lithological and structural mapping of arid regions.            

Coastal Vulnerability Mapping: shoreline change, elevation, slope, land use/land cover. 

Mineral Exploration (iron concentration, hydroxyl group of minerals, sulphide minerals). 

Impact assessment of geological hazards  (tsunamis, floods, landslides, volcanic eruptions, 

earthquakes) 

 

 

Course Title : REMOTE SENSING AND GIS FOR GEOSCIENCES  

(CORE: PRACTICAL)  

Course Code : UG-GEL-304  

Semester  : VI 

Credits  : 01 

Marks          : 25  

Hours   : 30 

 

List of Practicals 

1. Field geological mapping of study area; converting GPS field data into the vector data 

(GPS apps, Google Earth).        (04 hours) 

2. Georeferencing and digitizing mine plans and geological maps. (06 hours) 

3. Groundwater level mapping using Digital Elevation Model and borehole data. (04 hours) 

4. Visual image interpretation for lithological and Structural mapping using supervised and 

unsupervised classification techniques. (04 hours)              

5. Catchment delineation and analyses. (06 hours)      
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6. Digital image processing and colour composites and indices for Demarcation of 

mineralized zones using band rationing techniques for mineral exploration. (06 hours)     

 

REFERENCES 

Mandatory Reading: 

● Heywood, I. S., Cornelius, S. C. (2011). An Introduction to Geographical Information 

Systems. Pearson Education Pvt. Ltd., New Delhi. 

● Schowengerdt, R. A. (2006). Remote Sensing – Models and Methods for Image Processing. 

(2nd ed). Elsevier (Academic Press). 

● George, J. (2005). Fundamentals of Remote Sensing. University press PrivateLtd., 

Hyderabad. 

● Reddy, M. A. (2008). Remote sensing and geographical information systems. BS 

Publications. 

 

Supplementary Reading: 

● Lillesand, T. M., Ralph, W. K., & Jonathan, W. C. (2004). Remote Sensing and Image 

Interpretation, (5th ed). Wiley. 

● Mather, P. M. (2004). Computer Processing of Remotely Sensed Images- An Introduction. 

(3rd ed). John Wiley. 

● Gupta, R. P. (2003). Remote Sensing Geology. Springer-Verlag. 

● Lillesand T. M., Kiefer, R.W. (2002). Remote Sensing and Image Interpretation. John 

Wiley and Sons, New Delhi. 

● Jensen, J. R. (2000) Remote Sensing of the Environment: An EarthResource perspective. 

Pearson Education Series, Low Price Edition. 

● Drury, S. A. (1993). Image Interpretation in Geology. (2nd ed). Chapman and Hall, 

London. 

● Harold, R. W. (1969). Aerial Stereo Photographs. Hubbard Press, USA. 

 

 

Web References: 

● Fundamental of remote sensing, Canada Centre for Mapping and Earth Observation , 

Natural Resources Canada. https://www.nrcan.gc.ca/node/9309 

● DST-IGET, Remote Sensing Tutorials http://dst-iget.in/index.php/tutorialdetails/2/2  

● NPTEL/SWAYAM course on “Basics of Remote sensing, GIS & GNSS technology and 

their applications” by Dr. Poonam S. Tiwari, Indian Institute Of Remote Sensing. 

https://onlinecourses.swayam2.ac.in/aic20_ge05/preview  

● NPTEL/SWAYAM course on “Remote Sensing and GIS” by Rishikesh Bharti, Indian 

Institute of Technology Guwahati. https://onlinecourses.nptel.ac.in/noc19_ce41/preview  

● NPTEL/SWAYAM course on “ Geographic Information System” by Prof. Arun K. Saraf, 

Indian Institute of Technology, Roorkee. 

https://onlinecourses.swayam2.ac.in/aic20_ge04/preview  

● Spatial thoughts https://spatialthoughts.com/  

● Google Earthrt5 Engine time-lapse. https://earthengine.google.com/timelapse/  

https://www.nrcan.gc.ca/node/9309
http://dst-iget.in/index.php/tutorialdetails/2/2
https://onlinecourses.swayam2.ac.in/aic20_ge05/preview
https://onlinecourses.nptel.ac.in/noc19_ce41/preview
https://onlinecourses.swayam2.ac.in/aic20_ge04/preview
https://spatialthoughts.com/
https://earthengine.google.com/timelapse/
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Course Title : METAMORPHIC PETROLOGY (CORE: THEORY)  

Course Code : UG-GEL-305 

Semester  : VI 

Credits  : 03  

Marks          : 75  

Hours   : 45 

 

Course Prerequisites: The courses UG-GEL-101: Fundamentals of Geology and UG-GEL-203: 

Mineralogy or related courses. 

 

Course objectives: 

The objective of the course is to provide essential concepts of metamorphism and metamorphic 

rocks, to study types of metamorphic rocks w.r.t fabrics and types, to understand the concept of 

facies and to collate metamorphism with respect to plate tectonics 

 

Course Learning Outcomes: 

Upon completion of the course, the student will be able to: 

CLO1 explain metamorphism, factors and relate to types of metamorphism with the products 

and tectonism, represent metamorphic mineral assemblages graphically using phase 

diagrams.  

CLO2 utilize fundamental principles of metamorphism to develop textures, classify 

metamorphic rocks based on mineral assemblage and fabric and interpret tectonic setting 

of metamorphic rocks based on field characters and kinematic shear stress indicators.  

CLO3 apply the concept of facies to progressive contact, regional and burial metamorphism and 

differentiate between Barrovian and Buchan Zones.  

CLO4 deduce the identity of metamorphic rocks based on mineralogy, texture, type of 

metamorphism, facies, protolith megascopically and microscopically.  

 

Module I: Metamorphism, types, tectonics and deformation.    (15 hours) 

Definition and explanation of metamorphism - upper and lower limits and metamorphic rocks. 

Factors controlling metamorphism:  

Heat (T): geothermal gradient in different crustal regions, radioactivity, magmatic intrusions, 

tectonics; 

Pressure (P): deviatoric, hydrostatic, lithostatic, fluid pressure 

Chemically active fluids (Xf): H2O and CO2 

Composition of the parent rocks/Protoliths (X): pelites, mafites, ultramafites, 

quartzofeldspathic, carbonate rocks, sandstones and greywackes. 

Time (δt): role of time in metamorphism. 

Phase Rule and phase diagrams: graphical representation of metamorphic mineral assemblages. 

Types of metamorphism: regional metamorphism, contact metamorphism, cataclastic/dynamic 

metamorphism, burial metamorphism; their characteristics and  products; metasomatism, ocean 

floor metamorphism and impact/shock metamorphism. 

Relationship of brittle and ductile deformation with grade of metamorphism.  

Metamorphism in relation to plate tectonics:  
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Divergent/Constructive plate  boundary 

Convergent/Destructive plate boundary: subduction zone (sensu lato) 

Continent-Continent collision zones 

Intra-plate environments 

 

Module II: Metamorphic field characters, textures and classification.  (15 hours) 

Field characters of metamorphic rocks:  

Variations in mineralogy and fabric from slate to migmatite. Prograde and Retrograde    

metamorphism: P-T pathways. 

Metamorphic zones and index/critical minerals, their significance in mapping and 

understanding tectonic history. 

Kinematic shear stress sense indicators and their role in interpreting tectonic history. 

     Metamorphic textures: Inherited/Relict fabric, imposed fabrics: foliated and nonfoliated,   

Porphyroblastic; cataclastic and mylonitic textures. 

Nomenclature and classification based on mineralogy and fabric.  

Metamorphic differentiation. 

 

Module III: Facies with respect to contact, regional and burial metamorphism.    (15 hours) 

Facies: Concept after Goldschmidt and Eskola; Zonation in mineralogy – Buchanan: low pressure 

and  Barrovian: high pressure. 

Facies of progressive contact metamorphism: characteristic mineral assemblages in pelites, impure 

and pure carbonates protoliths.  

Facies of progressive regional metamorphism – characteristic mineral assemblages with respect to 

facies of Zeolite, Prehnite-Pumpellyite, Greenschist, Amphibolite, Granulite, in pelitic, mafic 

protolith. High pressure metamorphism- Blueschist, Eclogite. 

Paired Metamorphic Belts  

 

Course Title : METAMORPHIC PETROLOGY (CORE: PRACTICAL)  

Course Code : UG-GEL-305 

Semester  : VI 

Credits  : 01 

Marks          : 25  

Hours   : 30 

 

List of Practicals: 

1. Megascopic study and identification of fifteen metamorphic rocks with respect to 

mineralogy, texture, type of metamorphism, facies, protolith.    (10 hours) 

2. Microscopic study and identification of twelve metamorphic rocks with respect to texture 

mineralogy, type of metamorphism, facies and protolith.    (10 hours) 

3. Plotting ACF, AKF, and AFM diagrams and deducing the mineral assemblages with respect 

to metamorphic facies.        (10 hours) 

 

REFERENCES 

Mandatory Reading 
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● Winter, J D. (2011). Principles of Igneous and Metamorphic Petrology. PHI Learning Pvt. 

Ltd. 

● Philpotts, A., & Ague, J. (2010). Principles of Igneous and Metamorphic Petrology. 

Cambridge University Press, New York. 

● Vernon, R H., & Clarke, G.L. (2008). Principles of Metamorphic Petrology. Cambridge 

University Press. 

● Best, M. (2003). Igneous and Metamorphic Petrology. Blackwell Publishing. 

● Yardley, B. W. D. (1989). An introduction to Metamorphic Petrology. Longman Group 

Publishers Pvt. Ltd. 

● Winkler, G. F. (1987). Petrogenesis of Metamorphic rocks (5th ed.). Narosa Publishing 

House, New Delhi. 

● Turner, F. (1980). Metamorphic Petrology: Mineralogical, Field and Tectonic Aspects. 

CRC Press.  

 

Supplementary Reading 

● Frost, B. R., & Frost, C. D. (2014). Essentials of Igneous and Metamorphic Petrology. 

Cambridge University Press. 

● Bucher, K., & Grapes, R. (2010). Petrogenesis of Metamorphic rocks. Springer-Heidelberg 

Dordrecht, London NY.  

● Ernst, W. G., & Rumble, D. (2008). Metamorphic Conditions along Convergent Plate 

Junctions: Mineralogy, Petrology, Geochemistry and Tectonics. Geological Society of 

America. 

● Blatt, H., Tracy, R. J., & Owens, B. E. (2006). Petrology- Igneous Sedimentary and 

Metamorphic (3rd ed.). W H Freeman and Company New York. 

● Raymond, A. L. (1995). Petrology-The study of Igneous Sedimentary and Metamorphic 

rocks. Wm. C. Brown Communications, Inc.; USA. 

● Miyashiro, A. (1994). Metamorphic Petrology. CRC Press. 

● Roger, M. (1990). Petrology of the Metamorphic Rocks. Unwin Hyman Ltd, UK 

● Miyashiro, A. (1978). Metamorphism and Metamorphic belts. The Greshman Press Old 

Woking, Surrey. 

 

Web References: 

https://onlinecourses.swayam2.ac.in/cec24_ce02/preview 

https://assets.cambridge.org/97811084/71558/frontmatter/9781108471558_frontmatter.pdf 

https://www2.tulane.edu/~sanelson/eens212/ 

 

 

 

 

 

 

 

  

https://onlinecourses.swayam2.ac.in/cec24_ce02/preview
https://assets.cambridge.org/97811084/71558/frontmatter/9781108471558_frontmatter.pdf
https://www2.tulane.edu/~sanelson/eens212/
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Course Title : STRATIGRAPHY OF INDIA AND FIELD GEOLOGY  

(CORE: THEORY)  

Course Code : UG-GEL-306 

Semester  : VI 

Credits  : 03  

Marks          : 75  

Hours   : 45 

 

Course Prerequisites: GEL-II.C-4 Stratigraphy and Paleontology or related courses. 

 

Course Objectives: This course aims at providing a basic understanding of the various 

stratigraphic units and the correlation of International Geological Time Scale with Indian 

Stratigraphic Time Scale. The course will help understanding the geology, stratigraphy, fossil 

content, economic resources of the lithounits from the Archeans to Quaternary. The course has 

implications for the Indian Knowledge System (IKS). 

 

Course Learning Outcomes: 

Upon successful completion of the course, student will be able to: 

CLO1  explain physiographically subdivisions of India and explaining the tectonics,  

evolution of cratons and mobile belts of Indian shield and its economics. Utilize the  

lithostratigraphic succession to understand the environment and tectonics  of Dharwar  

craton and Goa group of rocks. 

CLO2 compare and describe the Proterozoic basins of Peninsular India and reason out  the  

transitory changes from the Precambrian Paleozoic Era. Also, comment on  the  

history of evolution and lithologic sequences of Gondwana basins in India. 

CLO3 outline the origin of Ocean Flood Basalts of Peninsular India, analyse evolution of  

Himalayas and to assess the lithologic history of Assam and Siwalik hills. 

CLO4 plan out field work and carry out individual tasks such as data collection,  

book-keeping, mapping, data interpretation and geologic report preparation .  

Construct  preliminary surveys and discuss field specimens. 

 

Module I: Physiography, Archeans cratons and Mobile Belts of India               (15 hours) 

Physiographic subdivisions of India and their distinctive characters. 

Cratonic provinces of Peninsular India shield: Dharwar craton/ Singhbhum craton,/Bundelkhand 

craton/, Aravalli craton,/ Bastar craton disposition and their economic importance, with emphasis 

on the Dharwar craton; Comparison between Eastern Dharwar Craton (EDC) and Western 

Dharwar Craton (WDC). Recent developments with respect to Dharwar Craton- Central Dharwar 

Craton (CDC) 

Western Dharwar Craton (WDC): Gorur Gneiss and Sargur Supracrustals, Peninsular Gneissic 

Complex;-Dharwar Greenschist Belt: Dharwar Basin: Bababudan Group, Chitradurga Group. 

Closepet Granite. 

Goa Group of rocks. 

Mobile Belts of Peninsular India: Eastern Ghat Mobile Belt, Satpura Mobile Belt,. Southern 

Granulite Terrain, Opening of Proterozoic basins. 

 

Module II: Proterozoics, Paleozoics and Gondwana sediments of India  (15 hours) 

Disposition and economic significance of Proterozoic Basins of Peninsular India: Vindhyan Basin; 

Kaladgi Basin; Delhi Basin; Bhima Basin; Cuddapah Basin; with emphasis on Cuddapah Basin.  
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Precambrian-Cambrian boundary. 

Paleozoic marine successions of Spiti valley: Cambrian Tal and Muth Quartzite, Fenestella Shales, 

Syringothyris Limestone. 

Rifting of Gondwanaland. Gondwana successions of India; Pranhita-Godavari valley, Mahanadi 

basin, climatic changes, tectonics,  and economic significance. 

Permian-Triassic (PT) boundary.  

Module III: Mesozoic and Cenozoic of India                                                (15 hours) 

Mesozoic of Extra-Peninsular India: Triassic of Spiti. 

Mesozoic marine successions of Peninsular India: Jurassic of Kutch, Cretaceous of Trichinopoly.  

Mesozoic Peninsular India: Deccan volcanics, age and stratigraphy. 

Cretaceous-Palaeocene (KT)  boundary. 

Cenozoic of India: Tertiaries of Assam, Siwalik Group, Rise and evolution of Himalayas. 

Quaternary period: Pleistocene Glaciation, evidences, life and distribution, glacial and interglacial 

cycles. 

Pleistocene-Holocene Boundary. 

Meghalayan Age. 

 

 

Course Title : STRATIGRAPHY OF INDIA AND FIELD GEOLOGY  

(CORE: PRACTICAL)  

Course Code : UG-GEL-306 

Semester  : VI 

Credits  : 01 

Marks          : 25  

Hours   : 30 

 

List of Practicals 

1. Construction of field plans using Levelling Survey, and GPS Survey , the application of these 

surveying techniques in the field.         (15 hours)  

2. Geological field training in igneous, metamorphic and sedimentary terrains: Field visit planning 

(field gear, traverse plan, sampling plan), maintaining field diary, stratigraphic observations, 

structural data collection, preparation of a field report and assessment. (15 hours) 

 

REFERENCES 

Mandatory Reading: 

● Dessai, A. G. (2018). Geology and Mineral resources of Goa. New Delhi Publishers. 

● Mascarenhas, A., & Kalavampara, G. (2015). Natural Resources of Goa: A Geological 

Perspective. Geological Society of Goa. 

● Basak, N. N. (2014). Surveying and Levelling. McGraw Hill Education. 

● Dessai, A.G. The geology of Goa Group: Revisited. J Geol Soc India 78, 233–242 (2011). 

https://doi.org/10.1007/s12594-011-0083-7  

● Lisle, R., Brabham, P., & Barnes, J. (2011). Basic Geological Mapping (Geological Field 

Guide). Wiley Blackwell. 

● Ramakrishnan, M., & Vaidynadhan, R. (2010). Geology of India (Vol. I and II). Geological 

Society of India Publication, Bangalore.  

https://doi.org/10.1007/s12594-011-0083-7
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● Gokhale, N.W. (2001). A Guide to Field Geology. CBS Publishers & Distributors. 

● Lambert, D. A. (1998). Field Guide to Geology. Facts on File Inc. 

● Kanetkar, T. P., & Kulkarni, S. V. (1988). Surveying & Levelling (Part I). Pune Vidyarthi 

Griha Prakashan. 

● Compton, R. R. (1985). Geology in the Field. John Wiley & Sons, Inc. 

● Lahee, F. H. Field (1916) Field Geology McGraw Hill 

 

Supplementary Reading: 

● Robinson, W. F., & Tallack. (2016). Surveying and Levelling Instruments Theoretically 

and Practically Described for construction, Qualities, Selection, Preservation, 

Adjustments and Uses: With other apparatus and Appliances used by Civil Engineers and 

Surveyors in the Field. Wentworth Press. 

● Arora, K. R. (2015). Surveying Vol-2 (13th ed.). Standard Book House Unit of Rajsons 

Publication Pvt. Ltd. 

● Valdiya, K. S. (2015). The making of India: Geodynamic evolution. Springer. 

● Nanda, H. (2014). Indian Stratigraphy. Anmol Publications Pvt. Ltd. New Delhi. 

● Penning, W. H., & Jukes-Browne. (2011). A Textbook of Field Geology. Nabu Press. 

● Valdiya, K. S. (2010). The Making of India. Macmillan India Pvt. Ltd. 

● Coe, A, L., Argles, T. W., Rothery, D. A., & Spicer, R A. (2010). Geological Field 

Techniques.Wiley-Blackwell, The Open University. 

● Sharma, R. S. (2009). Cratons and Fold belts of India. Springer-Verlag Berlin Heidelberg. 

● Nichols, G. (2009). Sedimentology and Stratigraphy. Wiley-Blackwell and Sons Ltd. 

● McClay, K R. (2007). The Mapping of Geological Structures. John Wiley and Sons. 

● Doyle, P., & Bennett, M. R. (1996). Unlocking the Stratigraphic Record. John Wiley. 

 

Web References: 

 

● https://egyankosh.ac.in/bitstream/123456789/69603/1/Block-2.pdf  

● https://ugcmoocs.inflibnet.ac.in/index.php/courses/view_ug/251  

● https://egyankosh.ac.in/handle/123456789/69594  

 

 

 

 

 

 

 

  

https://egyankosh.ac.in/bitstream/123456789/69603/1/Block-2.pdf
https://ugcmoocs.inflibnet.ac.in/index.php/courses/view_ug/251
https://egyankosh.ac.in/handle/123456789/69594
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Course Title : PETROLEUM GEOLOGY AND EXPLORATION TECHNIQUES  

(VOCATIONAL: THEORY)  

Course Code : UG-GEL-VOC3 

Semester  : VI 

Credits  : 03  

Marks          : 75  

Hours   : 45 

 

Course Prerequisites: Course: UG-GEL-101: Fundamentals of Geology; UG-GEL-206: 

Sedimentary Petrology or related courses. 

 

Course Objectives: The course aims to equip students with a thorough understanding of petroleum 

geology, covering the geological and chemical processes that lead to hydrocarbon accumulation, 

as well as reserve estimation and extraction techniques. Students will also gain knowledge of 

principles of geophysical exploration and drilling sequences, learning how these methods are 

applied in the development of oil fields. Additionally, the course will familiarize students with the 

distribution of key oil belts worldwide and in India, while highlighting the environmental risks 

associated with petroleum extraction. 

Course Learning Outcomes: 

Upon successful completion of the course, student will be able to: 

CLO1 describe the key components of the petroleum system and processes involved in formation 

of oil deposits.  

CLO2 explain basic principles of Geophysical exploration, drilling sequence, process of reserve 

estimation and classification  

CLO3 explain well completion, EOR techniques, distribution of global and Indian oil belts and                         

assess environmental risks. 

CLO4 prepare isopach maps, solve problems on mud circulation, porosity and Lag time  

            calculation and interpret well logs. 

 

Module I: Introduction to Petroleum Geology     (15 hours) 

Introduction and aspects of Petroleum Geology. 

Characteristics of hydrocarbons: physical and chemical properties. 

Crude oil refining: fractional distillation and cracking. 

Petroleum system: source rock, reservoir rock and trapping mechanism, source of organic matter; 

kerogen, thermal maturation.  

Migration and accumulation of hydrocarbons; primary and secondary migration. 

Reservoir rocks, characteristics of petroleum reservoirs: porosity, permeability, and fluid 

saturation.  

Oil shale and oil sand. 

Reservoir drives. 

Petroleum traps: stratigraphic and structural traps. 

Overview of the oil and gas industry: exploration, drilling and completion, production, services  
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Module II: Surface and subsurface oil exploration techniques.    (15 hours) 

Functions of petroleum geologists. 

Surface indications and subsurface exploration techniques. 

Geophysical methods of exploration: gravity and seismic methods. 

Drilling: types of rigs and its selection. 

Components of a rotary drilling system. 

Drilling sequence: coring; casing, cementation and installation of Blow Out Preventer 

Geo Logging and Well logs - Electric, Radioactive and Acoustic. 

Reserve estimation: proven, probable, and possible reserves. 

Module III: Oil recovery, economics and environmental risks    (15 hours) 

Well completion and stimulation: fracking, acidizing 

Improved Oil Recovery (IOR) and Enhanced Oil Recovery (EOR) techniques: water flooding, gas 

injection, thermal methods, Microbial and chemical injection methods 

An outline of the oil belts of the world: geographic and stratigraphic distributions of oil and gas. 

Overview on  Petroliferous basins of India. 

Environmental risks: oil spills, blowouts and pollution. 

Case studies: major oil spills and their environmental impacts. 

Petroleum Economics and Transition towards Green energy. 

 

Course Title : PETROLEUM GEOLOGY AND EXPLORATION TECHNIQUES  

(PRACTICAL VOCATIONAL)  

Course Code : UG-GEL-VOC3 

Semester  : VI 

Credits  : 01 

Marks          : 25  

Hours   : 30 

 

List of Practicals 

1. Demarcation of Petroliferous basins on world and India maps.      (04 hours) 

2. Construction of isopach maps.                                                   (06 hours) 

3. Problems on mud circulation, porosity and Lag time calculations.                   (08 hours) 

4. Exercises on well log interpretation.                                                       (08 hours) 

5. Observations of well cuttings and core samples.                                           (04 hours) 

 

REFERENCES 

Mandatory Reading: 

● Hyne, N J., (2001) Nontechnical Guide to Petroleum Geology, Exploration, Drilling and 

Production, PennWell Corporation. 

● Selley, R.C., (1998) Elements of Petroleum Geology, W.H. Freeman & Company, New 

York. 

● North, F.K., 1(986) Petroleum Geology, Allen & UnWin, 607p 

● Levorsen, A.I., (1967) Geology of Petroleum, W.H. Freeman and Company. 

Supplementary Reading: 
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● Morris, J., (1985) Practical Petroleum Geology, The University of Texas at Austin - 

Petroleum Extension Service. 

 

Web References: 

https://www.dghindia.gov.in/index.php/page?pageId=66 

https://www.api.org/news-policy-and-issues/sustainability 

https://glossary.slb.com/ 

 

  

https://www.dghindia.gov.in/index.php/page?pageId=66
https://www.dghindia.gov.in/index.php/page?pageId=66
https://www.api.org/news-policy-and-issues/sustainability
https://glossary.slb.com/
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MULTIDISCIPLINARY COURSE 03 credits/course 

UG-GEL-MDC4: Mineral Resources of India 

 

Course Title : MINERAL RESOURCES OF INDIA  

(THEORY: MULTIDISCIPLINARY)  

Course Code : UG-GEL-MDC4 

Semester  : II 

Credits  : 02 

Marks          : 50  

Hours   : 30 

 

Course Objectives: The objective of this course is to raise students' understanding and 

appreciation of India's unique geological setting that has led to its mineral endowment. Students 

will gain an understanding of how geological factors control mineral resource distribution and the 

significance of implementing sustainable practices to optimize resource management while 

guaranteeing long-term stability in the environment and economy. The course is inclined towards 

imparting Indian Knowledge System (IKS). 

Course Learning Outcomes: 

Upon successful completion of the course, student will be able to: 

CLO1 correlate geological factors with the spatial distribution of mineral resources in  

India, demonstrating an understanding of how geological processes influence mineral 

deposits.  

CLO2 analyze the mineral scenario in India and the state of Goa, assessing its 

implications for resource management and economic development.  

CLO3 identify key economic minerals in hand specimens and locate major ore  

deposits on an outline map of India.  

 

Module I: Minerals and types       (15 hours) 

Introduction to minerals and rocks: characteristics minerals; distinction between rock-forming and 

ore minerals; physical and chemical properties of key minerals. 

Types of minerals: metallic and non-metallic minerals; fossil fuels. 

Metallogenic Provinces and Epochs. 

Metallic deposits in India: mode of occurrence, genesis, and geographic distribution of the 

following: Iron and Manganese; Aluminium; Base Metals - Copper-Lead-Zinc; Gold; Platinum 

Group of Elements (PGE); Rare Earth Elements (REE);  

Non-Metallic deposits in India: mode of occurrence, genesis, and geographic distribution of the 

following: Diamond, Coal, Petroleum and Gas hydrates.  

 

 Module II: Exploration and Mining techniques, sustainability.   (15 hours) 

Economic Geology: Concepts including mineralization, ore, gangue; understanding reserves and 

resources 

Mineral exploration and mining techniques 

National Mineral Scenario: Analysis of the current status, challenges, and future directions; 

environmental and socio-economic impacts of mineral extraction.  
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Environment Impact Assessment (EIA) 

Case Study: Mining Scenario in Goa. 

National Mineral Policy: overview 

Sustainable Mineral Development: Principles and practices for sustainable mining and resource 

management 

Sustainable Development Goals briefing:  SDG07, SDG09 and SDG12 

 

Course Title : MINERAL RESOURCES OF INDIA  

(PRACTICAL: MULTIDISCIPLINARY)  

Course Code : UG-GEL-MDC5 

Semester  : II 

Credits  : 01 

Marks          : 25  

Hours   : 30 

 

List of Practicals 

1. Study of Economic minerals in hand specimen ; Metallic & non-metallic (15 specimen)                             

(20 hours) 

2. Location of various ore deposits on the outline map of India: iron, manganese, aluminium, 

Base Metals- Copper-Lead-Zinc, Gold, Strategic minerals, Diamond, Coal and Petroleum. 

(10 hours) 

 

REFERENCES 

Mandatory Reading: 

● Dessai, A. G. (2023). Geology and environment of Goa Issues and concerns. Goa: Qurate 

books pvt ltd,. 

● Valdiya, K. S. (2011). Geology, Environment and Society. Hyderabad: Universities Press 

(India) Private Limited.Pohl, L.W. (2011). Economic Geology –Principles and Practice. 

Wiley-Blackwell. 

● Singh, P. (2008). Engineering and General Geology (7th ed.). SK Kataria and Sons. 

● Marjoribanks, R., (1997). Geological Methods in Mineral Exploration and Mining. 

Springer-Science+Business Media. 

● Gokhale, G.V.G.K., (1983). Ore Deposits of India. CBS Publishers, New Delhi. 

● Krishnaswamy, S., (1979). Indian Mineral Resources. Oxford and IBH. 

● Arogyaswamy, R. N. P., (1973). Courses in Mining Geology. Oxford & IBH Publishing 

Co. 

 

Supplementary Reading: 

● Indian Bureau of Mines (IBM) Publications 

 

 

Online resources 

 https://mines.gov.in/webportal/home 

https://bhukosh.gsi.gov.in/Bhukosh     

https://ibm.gov.in/IBMPortal/pages/Indian_Minerals_Yearbook 

https://sdgs.un.org/goals 

 

https://mines.gov.in/webportal/home
https://bhukosh.gsi.gov.in/Bhukosh
https://ibm.gov.in/IBMPortal/pages/Indian_Minerals_Yearbook
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Annexure B 

 

Summary of the changes incorporated in PSOs syllabus 
 

Semester CLOs/PSOs/ 

Course  

Existing Changes suggested Reason 

NA PSO 

 PLO-4: ETHICAL 

VALUES, SOCIAL 

RESPONSIBILITY

AND 

PROFESSIONAL 

APTITUDE: 

Acquire procedural 

knowledge imbibed 

with ethical values 

and social 

responsibilities that 

creates different 

types of 

professionals related 

to the disciplinary 

area of Geology, 

including 

professionals 

engaged in industry, 

research and 

development, 

academics, and 

government/public 

service. 

PSO-4: ETHICAL 

VALUES, SOCIAL 

RESPONSIBILITY

, INDIAN 

KNOWLEDGE 

SYSTEM AND 

PROFESSIONAL 

APTITUDE: 

Acquire procedural 

knowledge imbibed 

with ethical values, 

social 

responsibilities, and 

insights from the 

Indian Knowledge 

System, fostering the 

development of 

various professionals 

in the disciplinary 

area of Geology, 

including those 

engaged in industry, 

research and 

development, 

academics, and 

government/public 

service 

PLO changed to 

PSO for 

maintaining 

uniformity with 

respect to 

terminologies. 

 

PSO-4 Modified 

to include Indian 

Knowledge 

System as 

requirement under 

the NEP 2020. 
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