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Vision: To develop a world class centre of excellence in education, training & research in the 

field of Earth Sciences. 

Mission: Our mission is to understand Earth’s natural systems, processes, and resources to foster 

sustainability, mitigate natural hazards, and ensure their responsible management. We are 

committed to developing teaching and research programs that remain socially relevant while 

enhancing employability. By continuously benchmarking our performance against national and 

international standards, we aim to design dynamic programs that address evolving societal needs 

and build strong global collaborations to fulfill the aspirations of our students and stakeholders. 

Curriculum Framework: A student must earn a minimum of 20 credits in each semester. For 

the award of a one-year Postgraduate Diploma, a total of 40 credits must be earned, and for the 

award 2-year Master’s degree, a minimum of 80 credits is required. as prescribed by the 

University statutes.  

Syllabus: For Masters (PG) Programme in Applied Geology as per the National Education 

Policy 2020 (NEP 2020), the Department of Earth Sciences offers two academic schemes: (i) 

Coursework in all semesters (CW+CW scheme) and (ii) Coursework in the first three semesters 

followed by research work in the fourth semester (CW+R scheme).  

 

The syllabus for the CW+CW scheme is as follows: 

Core Courses (CR): There are twelve (12) Core Courses in the Programme, three (3) in each 

semester making 16 credits in each semester. Two of the Core Course in each semester consists 

of six (6) credits, and one (1) core course in each semester consist of four (4) credits. A student 

has to take all the twelve (12) Core Courses necessarily for 2 Years PG Programme and six (6) 

core courses for 1 year PG Diploma.  

Discipline Centric Electives Courses (DCEC): There are total of eight (8) Discipline Centric 

Elective Courses, each carrying 2 credits. Students are required to choose only one DCEC in 

each semester. However, if other options such as Skill Enhancement Courses (SEC) and 

Employability and Entrepreneurship skill Courses (EEC) are available, a student may opt for 

either one DCEC along with one course from SEC/EEC or choose only SEC and EEC. This 

flexibility allows students to achieve a total of 20 credits in the semester. 

Skill Enhancement Courses (SEC): A total of five (5) Skill Enhancement Courses (SEC) are 

offered in the Programme, with three courses spread across the first three semesters and two 

courses in the fourth semester. Each Skill Enhancement Course consist of two (2) credits.  

Employability and Entrepreneurship Skills Courses (EEC): There are four (4) EEC offered 

in the Programme—one in the 2nd semester, two in the 3rd semester, and one in the 4th semester. 

Each EEC carries 2 credits. 

 

The syllabus for the CW+R scheme is as follows:  

In this scheme, the syllabus for the first three semesters remains the same as that of the CW+CW 

scheme. In the fourth semester, however, the students must undertake a Dissertation (DI), which 

carries 20 credits, focusing entirely on independent research work. 

Dissertation (DI): Students shall have to opt for a research project worth 20 credits. The topic 

of the dissertation work will be decided mutually by the student and the concerned supervisor. 

The dissertation will be evaluated on the basis of quality (content, methodology, results and 

conclusions), novelty, scientific contribution and socio-economic importance of the work, by the 

duly constituted committee, followed by presentation and viva voce.  

Note: One credit means (i) one hour of lecture/tutorial work, or (ii) two hours of practical 

work/field work per week for 15 weeks in a semester. Abbreviations in the course structure: CC: 

Core Course; DCEC: Discipline Centric Elective Course; EEC: Employability and 

Entrepreneurship Skills Course; SEC: Skill Enhancement Course; P: Project; DI: Dissertation 



Coding Pattern   

 Total no of digits in the course code:  

 

Geological Fieldwork: Detailed field studies are required for geology because it is a field-

related discipline, and the more rocks you see, the more proficient a geologist you become. It is 

such an experience which cannot be taught in the classroom. Through these students can acquire 

professional skills necessary for employment and other future endeavours. As such fieldwork 

forms an indispensable part of the course curriculum at the Department of Earth Sciences. The 

main motive behind this is that the students get practical experience that allows them to apply 

the theories and knowledge they have studied in the classroom to real-world scenarios. Besides, 

the field work being a teamwork, fosters great connections among the students. The department 

imparts geological field training to students during the first two semesters of the M. Sc. Applied 

Geology program are compulsory, comprising one local and one national geological field tour. 

The students then apply this knowledge during their 3rd and 4th Semesters to solve various 

geological problems by opting for dissertation and project works followed by report submission 

and PowerPoint presentation of the observations and inferences before the expert committee. 

 

 

 

 

1  2  3  4  5  6  7  8  9  10  

Digit 

no   

(1 to 

10)  

Indicating  No. of  

Characters  

Alphabet / 

Digit  

Examples  

1  Master’s  1 Alphabet  M  Master’s  

2 to 4  Programme 

code  

3 Alphabets  GLY  Geology 

5  Course type  1 Alphabet  

C  Core Course  

D  Discipline Centric Elective Course  

E  Employability and 

Entrepreneurship Skills Course  

S  Skill Enhancement course  

G  Generic Elective  

O  Open Elective  

I  Internship  

P  Project  

L  Laboratory  

6 to 7  Course title  
2 

Alphabets  

AS  Applied Sedimentology  

EG Engineering Geology  

DI  Dissertation  

8  Semester no  1 Digit  

1  1st Semester  

2  2nd Semester  

3  3rd Semester  

4  4th Semester  

9 to 10  Year of launch  2 Digits  25  2025  



Programme Educational Objectives (PEO): After completing PG, the students will be able to: 

• Develop a strong foundation in geosciences, gaining expertise in geological, geophysical, and 

geochemical methods to analyze and interpret Earth materials and processes. 

• Acquire hands-on experience through local and national field training, mastering skills in 

geological mapping, mineral exploration, and identifying geological structures, rock types, 

and landforms. 

• Address real-world challenges such as mineral exploration, disaster management, and 

environmental protection by applying field, lab, and data analysis techniques. 

• Demonstrate problem-solving abilities through dissertation work, applying analytical, 

theoretical, or experimental approaches to geological problems and defending findings in 

public forums. 

• Prepare for careers in academia, mineral exploration, geohazard assessment, and 

environmental consultancy, with the ability to publish research in reputable scientific journals. 

Program Learning Outcomes (PLOs) 
PLO_1 

Advanced 

Geological 

Knowledge 

Students will develop comprehensive expertise in geological 

principles, processes, and methods. They will be able to apply 

this knowledge to understand Earth’s materials, structures, 

dynamic systems, and evolution over time. 

PLO_2 

Research 

Aptitude 

Students will cultivate research skills by formulating 

geoscientific questions, designing methodologies, and analysing 

data to interpret geological phenomena such as stratigraphy, 

tectonics, paleoclimate, and mineralogy. 

PLO_3 

Communication 

Students will effectively communicate geological concepts, 

research findings, and interpretations to scientific and public 

audiences through technical reports, publications, maps, and oral 

presentations. 

PLO_4 

Problem 

Solving 

Students will apply geological knowledge and critical thinking 

to solve practical and scientific problems related to natural 

hazards, resource exploration, environmental challenges, and 

engineering geology. 

PLO_5 

Individual and 

Team Work 

Students will demonstrate the ability to work both independently 

and collaboratively in multidisciplinary teams, contributing 

meaningfully to field studies, laboratory analysis, and 

geoscientific projects. 

PLO_6 

Investigation 

and Field Skills 

Students will design and conduct geological investigations using 

field observations, sampling, mapping, and analytical 

techniques, integrating traditional and modern tools for data 

interpretation. 

PLO_7 

Modern Tool 

Usage 

Students will be proficient in using modern tools and 

technologies such as GIS, remote sensing, geophysical 

instruments, analytical software, and machine learning to 

investigate geological questions. 

PLO_8 

Science and 

Society 

Students will apply geological reasoning to assess and address 

societal and environmental issues. They will understand the 

relevance of geology to sustainable development, disaster 

mitigation, and resource stewardship. 

PLO_9 

Lifelong 

Learning 

Students will engage in continuous learning to stay updated with 

advances in geosciences, embracing new techniques, tools, and 

interdisciplinary approaches for personal and professional 

growth. 



Course Structure for PG Diploma in (Applied Geology) Programme Code: GLY)/  

Two Years PG. in (Applied Geology) with Coursework Programme Code: GLY)  

1yr.PGD; 2/1 yr. lateral entry PG (CW+CW) 

 

1
st
 S

em
es

te
r
 

Course Code Course Title Course 

Type 

Credits Maximum Marks Total 

Internal Assessment Term End 

Examination 

MGLYCSG125 Advanced Structural Geology CC 3+1=4 28 (21= theory; 7= 

P/T) 

72 (54= theory; 18= 

P/T) 

100 

MGLYCPS125 Paleobiology & Stratigraphy CC 4+2=6 42 (28= theory; 14= 

Practical) 

108 (72= theory; 

36= P/T) 

150 

MGLYCCM125 Applied Crystallography & 

Mineralogy 

CC 4+2=6 42 (28= theory; 14= 

Practical) 

108 (72= theory; 

36= P/T) 

150 

MGLYSFT125 Field Training (compulsory)* SEC 2+0=2 14 36 50 

MGLYDSP125 Earth Surface Processes   

DCEC 

 

2+0=2 

 

14 

 

36 

 

50 MGLYDPC125 Petroleum and Coal Geology  

2
n

d
 S

em
es

te
r
 

MGLYCAS225 Applied Sedimentology  CC 3+1=4 28 (21= theory; 7= P/T) 72 (54= theory; 18= 

P/T) 

100 

MGLYCGI225 Global Tectonics & Igneous 

Petrology 

CC 4+2=6 42 (28= theory; 14= 

Practical) 

108 (72= theory; 

36= P/T) 

150 

MGLYCMG225 Metamorphic Petrology & 

Gemmology  

CC 4+2=6 42 (28= theory; 14= 

Practical) 

108 (72= theory; 

36= P/T) 

150 

MGLYSFT225 Field Training (compulsory)*  SEC 2+0=2 14 36 50 

MGLYDHG225 Himalayan Geology   

DCEC 

 

2+0=2 14 36 50 

MGLYDMG225 Marine Geology 2+0=2 14 36 50 

MGLYEGH225 Geo-Hazards EEC 2+0=2 14 36 50 
Exit option with Post-Graduate Diploma in (Applied Geology) on completion of courses equal to a minimum of 40 credits or Entry to One Year PG in 

(Applied Geology) with coursework 
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Course Code Course Title Course 

Type 

Credits Maximum Marks Total 

Internal Assessment Term End 

Examination 

MGLYCAG325 Applied Geochemistry  CC 4+2=6 42 (28= theory; 14= 

Practical) 

108 (72= theory; 

36= P/T) 

150 

MGLYCHG325 Hydrogeology CC 4+2=6 42 (28= theory; 14= 

Practical) 

108 (72= theory; 

36= P/T) 

150 

MGLYCRS325 Remote Sensing and GIS  CC 3+1=4 28 (21= theory; 7= 

P/T) 

72 (54= theory; 18= 

P/T) 

100 

MGLYPPW325 Project Work-I (compulsory)*  SEC 2+0=2 14 36 50 

MGLYDGP325 Geophysics  DCEC 

 

2+0=2 14 36 50 

MGLYDEG325 Environmental Geology 

MGLYEOG325 Ore Geology  EEC 

 

2+0=2 14 36 50 

MGLYEMG325 Mathematical Geology 

4
th

 S
em

es
te

r
 

MGLYCMG425 Mining Geology  CC 3+1=4 28 (21= theory; 7= 

P/T) 

72 (54= theory; 18= 

P/T) 

100 

MGLYCEG425 Engineering Geology CC 4+2=6 42 (28= theory; 14= 

Practical) 

108 (72= theory; 

36= P/T) 

150 

MGLYCPW425 Project Work-II CC 6 42 108 150 

MGLYDSB425 Sequence Stratigraphy & Basin 

Analysis  

 

DCEC 

 

 

2+0=2 
 

 

14 

 

36 

 

50 

MGLYDQG425 Quaternary Geology  

MGLYSAH425 Advanced Hydrology   

SEC 

 

 

2+0=2 
 

 

14 

 

 

36 

 

 

50 

 
MGLYSRS425 Rock Deformation & Structural 

Analysis  

MGLYEAG425 AI in Geosciences  EEC 2+0=2 14 36 50 
 

 



Course Structure for PG Diploma in (Applied Geology) Programme Code: GLY)/  

Two Years PG. in (Applied Geology) with Coursework Programme Code: GLY)  

1yr.PGD; 2/1 yr. lateral entry .PG (CW+R) 

 

1
st
 S

em
es

te
r
 

Course Code Course Title Course 

Type 

Credits Maximum Marks Total 

Internal Assessment Term End 

Examination 

MGLYCSG125 Advanced Structural Geology CC 3+1=4 28 (21= theory; 7= 

P/T) 

72 (54= theory; 18= 

P/T) 

100 

MGLYCPS125 Paleobiology & Stratigraphy CC 4+2=6 42 (28= theory; 14= 

Practical) 

108 (72= theory; 

36= P/T) 

150 

MGLYCCM125 Applied Crystallography & 

Mineralogy 

CC 4+2=6 42 (28= theory; 14= 

Practical) 

108 (72= theory; 

36= P/T) 

150 

MGLYSFT125 Field Training (compulsory)* SEC 2+0=2 14 36 50 

MGLYDSP125 Earth Surface Processes   

DCEC 

 

2+0=2 

 

14 

 

36 

 

50 MGLYDPC125 Petroleum and Coal Geology  

2
n

d
 S

em
es

te
r
 

MGLYCAS225 Applied Sedimentology  CC 3+1=4 28 (21= theory; 7= P/T) 72 (54= theory; 18= 

P/T) 

100 

MGLYCGI225 Global Tectonics & Igneous 

Petrology 

CC 4+2=6 42 (28= theory; 14= 

Practical) 

108 (72= theory; 

36= P/T) 

150 

MGLYCMG225 Metamorphic Petrology & 

Gemmology  

CC 4+2=6 42 (28= theory; 14= 

Practical) 

108 (72= theory; 

36= P/T) 

150 

MGLYSFT225 Field Training (compulsory)*  SEC 2+0=2 14 36 50 

MGLYDHG225 Himalayan Geology   

DCEC 

 

2+0=2 14 36 50 

MGLYDMG225 Marine Geology 2+0=2 14 36 50 

MGLYEGH225 Geo-Hazards EEC 2+0=2 14 36 50 
Exit option with Post-Graduate Diploma in (Applied Geology) on completion of courses equal to a minimum of 40 credits or Entry to One Year PG in 

(Applied Geology) with coursework 
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Course Code Course Title Course 

Type 

Credits Maximum Marks Total 

Internal 

Assessment 

Term End 

Examination 

MGLYCAG325 Applied Geochemistry  CC 4+2=6 42 (28= theory; 14= 

Practical) 

108 (72= theory; 

36= P/T) 

150 

MGLYCHG325 Hydrogeology CC 4+2=6 42 (28= theory; 14= 

Practical) 

108 (72= theory; 

36= P/T) 

150 

MGLYCRS325 Remote Sensing and GIS  CC 3+1=4 28 (21= theory; 7= 

P/T) 

72 (54= theory; 

18= P/T) 

100 

MGLYDGP325 Geophysics   

DCEC 

 

 

2+0=2 
 

 

14 

 

36 

 

50 MGLYDMG325 Mathematical Geology 

MGLYPPW325 Project Work-I 

(compulsory)*  

SEC 2+0=2 14 36 50 

MGLYSOG325 Ore Geology   

EEC 

 

2+0=2 
 

14 

 

36 

 

50 MGLYEEG325 Environmental Geology  

4th 

Semester 

 

MGLYPDI425 

 

Dissertation 

 

DI 

 

20+0=20 

 

140 

 

360 

 

500 

 

 



Examination Scheme 

 4 Credit Courses based (100 Marks) 

i. Internal Assessment: 28 Marks  

ii. External Examination: 72 Marks 

 2 Credit Courses (50 Marks)  

i. Internal Assessment: 14 Marks, 

ii. External examination: 36 Marks 

 

Question paper pattern and Distribution of Marks for External and Internal 

Examination for Master (PG) Programme in Applied Geology under NEP 2020  

Breakup of semester end and 

Internal marks in each 

course  

Four Credits Courses  Two Credits Courses  

External 

(72 Marks)  

Internal   

(28 Marks)  

External 

(36 Marks)  

Internal   

(14 Marks)  

Questions x 

Marks   

Questions x 

Marks  

Questions x 

Marks  

Questions x 

Marks  

Section A (08 short answer 

type questions (in about 10-

20 words)  

8x2=16 

Marks  

As 

prescribed by 

the  

Board of 

Studies 

(BOS)  

8x1=8 

Marks  

As 

prescribed by 

the  

Board of 

Studies 

(BOS)  

Section B (04 Medium 

answer type questions with 

alternatives (in about 200-

250 words)  

4x6=24 

Marks  

4x3=12 

Marks  

Section C  

(2 out of 4 long answer type 

questions (in about 400-500 

words) questions to be 

attempted  

2x16=32  

Marks  

2x8=16 

Marks  

Total Marks in each Course  4 x 25 = 100 Marks  2 x 25 = 50 Marks  

 

 

 

 

 

 

 

 

 



Masters (PG) Degree Programme in Applied Geology 

1st Semester 

 

MGLYCSG125: Advanced Structural Geology  

        Credits: 04; Total Contact Hrs. 60 

               Max. Marks: 100 

Course learning outcomes (CLOs): Upon completion of this course the students will be able 

to: 

CLO_1 Explain stress-strain concepts, failure criteria, and methods of strain analysis in 

naturally deformed rocks. 

CLO_2 Analyse brittle deformation features including faults, fractures, joints, and shear zones, 

and their tectonic significance. 

CLO_3 Interpret ductile deformation structures such as folds, boudinage, and superposed 

folding patterns using geometric and kinematic principles. 

 

Unit-I 

Rock Mechanics: Concept of stress. Stress ellipse and ellipsoid and its applications. Calculation 

of stress acting on a plane. Construction of Mohr circle. Mohr stress envelope. Rock failure 

criteria, Coulomb’s criterion and Griffith’s theory. Geometry and mechanics of fracturing. 

Concept of strain. Calculating the variations in strain. Strain ellipsoid and its application. Strain 

marker in naturally deformed rocks. Methods of strain measurement in deformed rocks. Finite 

and infinitesimal strain. Flinn diagram: constriction, plain strain and flattening, strain ellipse 

and its calculation. Particle paths and flow patterns. Simple shear, pure shear, sub-simple shear 

and super shear deformation and their respective particle paths. Progressive strain history. 

Different methods of strain estimation. Microstructural behaviour of rocks.  

 

Unit-II 

Brittle Deformation: Fractures-Nature and their nomenclature, age relationship, origin, and 

significance. Failure and fracture criteria. Fracture termination and interaction. Concept of 

faults. Mechanics of faulting: Anderson's theory and its limitations. Normal fault, strike-slip, 

and thrust faults. Thrust systems: thin-skinned and thick-skinned deformation, decollement. 

Geometric and structural analyses of joints-meso-fracture analyses and fractography.  

Shear zones: Geometry and kinematics, their significance in continental crustal evolution, 

Mylonites, cataclasites and pseudotachylytes. Different types of rocks and structures within 

fault/shear zones. Transpression and transtension. 

 

Unit-III 

Ductile Deformation: Concept of folds. Ramsay’s classification of fold, variation of thickness 

of the folded layer.  Biot’s law of buckling. Geometry and mechanics of the development of 

folds. Mechanism of single-layer and multilayer folds and associated structures. Flexural slip, 

flexural shear folding. Basic concepts of superimposed folding, interference patterns. Fault-

related folding.  Principles and methods of structural analysis in areas of superposed folding. 

Sheath folds. Folds in shear zones. Folding at shallow crustal depths. Linear and planar 

structures: classification and origin. Boudinage and pinch-and-swell structures.  

 

Advanced Structural Geology lab 

        (Practical/Minor Project: 1 Credit) 

• Preparation and interpretation of geological maps and Cross-sections.  

• Stereographic projections and structural analysis  



• Acquiring geological and structural data from the field and its interpretation in   the lab. 

  
CLO-PLO Matrix for the Course MGLYCSG125: Advanced Structural Geology 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYCSG125.1 3 2 3 1 0 2 1 0 2 

MGLYCSG125.2 3 2 2 3 1 2 1 1 2 

MGLYCSG125.3 3 2 2 3 1 2 1 1 2 

Average for 

MGLYCSG125 

3 2 2.33 2.33 0.66 2 1 0.66 2 

 

 

Books recommended: 

1. Bayly, B., 1992. Mechanics in Structural Geology, Springer. 

2. Davis, G. H., Reynolds, S. J. and Kluth, C. F., 2011: Structural Geology of Rocks and 

Regions (3rd Ed). John Wiley and Sons Inc. 

3. Davis, G. R., 1984: Structural Geology of Rocks and Region. John Wiley.  

4. Fossen, H, 2010: Structural Geology (2nd Ed), Cambridge University Press. 

5. Ghosh. S. K., 1995: Structural Geology Fundamentals of modem Developments. P. 

Press.  

6. Hobbs, B. E., Means, W. D. & Williams, P. F., 1976: An Outline of Structural 

Geology. JW.  

7. Lisle, R. J. and Leyshon, P. R., 2004: Stereographic projection techniques for 

geologists and civil engineers. Cambridge University Press. 

8. Pollard, D.D. and Fletcher, R.C., 2005. Fundamentals of structural geology, 

Cambridge University, Press. 

9. Price, N. J. and Cosgrove, J., 1990: Analysis of geological structures. Cambridge 

University Press. 

10. Raga, D. M., 2009: Structural Geology (4th Ed). Cambridge University Press. 

11. Ramsay, J. G, 1967: Folding and Fracturing of Rocks. McGraw7 Hill.  

12. Ramsay, J. G. and Huber, M. I., 2010: Modem Structural Geology. Academic Press.  

Ragan, D. M. Cambridge Univ. Press. 

13. Ramsay, J. G. and Lisle, R. J., 2010: The techniques of modern structural geology, 

Vol. 2, Academic Press, London. 

14. Twiss, R. J, and Moors, E. M., 1992. Structural Geology, W. H. Freeman and 

Company, New York. 

15. Van der Pluijm, B.A. and Marshak, S., 2004. Earth structure: an introduction to 

structural geology and tectonics, W.W. Norton & Company Ltd. 

 

 

 

 

MGLYCPS125: Paleobiology & Stratigraphy  

     Credits: 06; Total Contact Hrs. 90 

         Max. Marks: 150 

Course learning outcomes (CLOs): Upon completion of this course, students will be able 

to:  

CLO_1 Describe the origin and evolution of life, key fossil groups, and their 

applications in biostratigraphy and paleoenvironmental reconstruction. 

CLO_2 Interpret vertebrate, microfossil, and plant fossil records for paleoecological, 

paleoclimatic, and hydrocarbon studies. 



CLO_3 Explain the principles of stratigraphy and outline the geological evolution of 

Indian cratons and Proterozoic basins. 

CLO_4 Summarize the stratigraphy of major Indian type sections and address boundary 

problems using regional case studies. 

 

Unit-I 

Overview of paleobiology: Origin of life. Precambrian fossil record, origin of Metazoa, 

Taphonomy and key parameters in taphonomic studies. Fossil assemblages and communities 

and their applications in biostratigraphy and paleo-environment. Paleoecology: Life habitats 

and various ecosystems. Paleobiogeography, Mass extinctions and their causes.   

Invertebrate Paleontology: Overview of invertebrate paleontology and their application. 

Evolutionary trends and geological history of Ammonoidea, Brachiopoda, Graptolites, 

Bivalvia and Trilobita.  

 

Unit-II 

Vertebrate Paleontology: Vertebrate life through ages and landmarks in the evolution of 

vertebrate life. Siwalik Mammals and possible causes of their extinction. 

Micropaleontology: Overview, classification and application of foraminifera, diatoms, 

conodonts, Radiolaria and Ostracoda. Oxygen and Carbon isotope studies of microfossils and 

their use in paleo-oceanographic, paleoclimatic interpretation and hydrocarbon exploration. 

Paleobotany: An overview of plant life through geological time. Gondwana plant assemblages 

and their paleoclimatic significance. Phytoliths; morphology and classification. Pollen and 

spores; morphology and applications. 

 

Unit-III 

Introduction to Stratigraphy: Overview of lithostratigraphy, biostratigraphy & 

chronostratigraphy.  Overview and amalgamation of Cratons, Mobile belts, and supracrustal 

belts of Peninsular India. Pre-Cambrian stratigraphy & geological evolution of Dharwar, 

Singhbhum, Bastar and Aravalli-Bundelkhand cratons. Proterozoic (Purana) sedimentary 

basins: Cuddapah and Vindhyan Supergroups.   

 

Unit-1V 

Stratigraphy of Type sections of India: Cambrian of Salt Range, Paleozoic of Kashmir, Spiti, 

Kumaon and Gondwana. Mesozoic: Jurassic of Kutch and Narmada, Triassic of Spiti and 

Kashmir. Cretaceous of Trichinopoly and Deccan Traps. Cenozoic of Assam and Siwalik. 

Quaternary of Kashmir. Boundary problems in stratigraphy and fixing of boudary from indian 

stratigraphy: Precambrian - Cambrian (PC) Bounday (e.g., Lolab Valley, Kashmir), Permian-

Triassic (PT) Bounday (e.g., Guryul Revine, Kashmir), Cretaceous - Tertiary (KT) Boundary 

(e.g., Assam, Trichinopoly, Meghalaya) and Neogene-Quaternary (e.g., Kashmir, Meghalaya 

Plateau).  

 

Palaeontology & Stratigraphy Lab 

   (Practical/Tutorial: 2 Credits) 

● Field-based exercises on lithostratigraphic and biostratigraphic sections from Kashmir. 

● Identification, classification and morphological study of selected invertebrate fossils 

with labelled diagrams.  

● Identification, classification and morphological study of selected microfossils with 

labelled diagrams.   



● Identification, classification and taxonomic study of selected Gondwana plant fossils 

with labelled diagrams.  

● Study of selected important rocks & fossils from stratigraphic horizons and preparation 

of stratigraphic columns.  

 

CLO-PLO Matrix for the Course MGLYCPS125: Paleobiology & Stratigraphy  

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYCPS125.1 2 3 2 1 2 2 0 0 2 

MGLYCPS125.2 2 2 2 1 1 1 0 1 2 

MGLYCPS125.3 2 2 2 1 1 2 1 2 2 

MGLYCPS125.4 1 2 2 2 1 3 1 2 2 

Average for 

MGLYCPS125 

1.75 2.25 2 1.25 1.25 2 0.5 1.25 2 

 

Books Recommended: 

1. Bignot G., 1985, Elements of Micro palaeontology, Graham Trotman,  

2. Boggs, S., 2001: Principles of Sedimentology and Stratigraphy, Prentice Hall. 

3. Clarkson, E.N.K., 1998: Invertebrate Palaeontology and Evolution. IV Ed.-Blackwell. 

4. Colbert E.M., 1960, Evolution of the vertebrates, Wiley Eastern. 

5. Danbar, C.O. and Rodgers, J., 1957: Principles of Stratigraphy, John Viley and Sons. 

6. Doyle, Peter, 1996, Understanding fossils: an introduction to invertebrate 

palaeontology, John Wiley & Sons Ltd  

7. Evolution of Vertebrates by E.H. Colbert. Wiley Eastern Ltd. 

8. GSI 1990 Stratigraphic Boundary Problems in India, Memoir 16, ISSN No: 0016-7622, 

Geological Society of India, Bangalore, 116p. 

9. Jain P.C., and Anatharaman M.S., 2018, An introduction to Paleontology, Vishal 

Publications.  

10. Krishnan, M. S. 1982 Geology of India and Burma, C.B.S. Publ. and Distributors, 

Delhi.  

11. Krumbein and Sloss 1956 Stratigraphy and Sedimentation, McGraw Hill.  

12. Naqvi, S.M. and Rogers, J.J.W., 1987: Precambrian Geology of India, Oxford 

University Press. 

13. Pascoe, E.H., 1968: A Manual of the Geology of India and Burma (Vols.I-IV), Govt. of 

India Press, Delhi. 

14. Ramkrishnan, M. and Vaidhyanadhan, R. 2008. Geology of India, Volume I and II, 

Geological Society of India, Bangalore.  

15. Raup & Stanley, 1985, Principles of Paleontology, CBS Publications 

16. Ravindrakumar 1988 Fundamentals of Historical Geology and Stratigraphy of India, 

Wiley Eastern 

17. Saraswati P. K., Srinivasan, M.S., 2016, Micropaleontology - Principles and 

Applications, Springer International Publishing.   

18. Schoch, Robert, M., 1989: Stratigraphy: Principles and Methods, Van Nostrand 

Reinhold, New York. 

19. Shrock R.R., and Twenhofel W.H., 1953, Principles of invertebrate Palaeontology, 

Amold publication. 

20. Sreepat Jain, 2017, Fundamentals of Invertebrate Palaeontology, Springer  

21. Stearn, C.W. & Carroll, R.L, 1989: Palaeontology-the Record of Life-John Wiley 

22. Wadia, D. N. 1998 Geology of India, Tata McGraw Hill, India. 

 

 



MGLYCCM125: Applied Crystallography & Mineralogy 

     Credits: 06; Total Contact Hrs. 90 

            Max. Marks: 150 

Course learning outcomes (CLOs): Upon completion of this course, students will be able 

to:  

CLO_1 Classify crystals into 32 crystal classes and interpret crystal projections using 

stereographic techniques. 

CLO_2 Explain the principles of space groups, reciprocal lattices, and X-ray 

crystallography in mineral analysis. 

CLO_3 Describe mineral chemistry, bonding, and classification of silicate and non-

silicate mineral groups. 

CLO_4 Apply optical mineralogy concepts to identify minerals using interference 

figures, optic signs, and universal stage techniques. 

 

Unit-I 

Crystallography: 32 crystal classes and descriptions of the different classes. Different types of 

crystal projections - Spherical and Stereographic -and their uses.  

 

Unit-II 

Introduction to space group and reciprocal lattice. Lattice defects (point, line and planar). 

Historical development of X-ray crystallography. Bragg’s Law and its derivation. X-rays in 

mineral science. Principles of X-ray crystallography and its application in X-ray diffraction 

(XRD) and scanning electron microscopy. 

 

Unit-III 

Introduction to mineralogy: Overview of mineral chemistry. Solid solution and exsolution. 

Electrical, magnetic and optical properties of minerals. Bonding and crystal structures of 

common oxides, sulphides, and silicates: (a) Nesosilicates- Olivine Group, Garnet Group, 

Aluminosilicate Group, (b) Cyclosilicates—Beryl, (c) Inosilicates - Pyroxene Group, 

Amphibole Group, (d) Phyllosilicates -Kaolinite Group, Serpentine Group, Pyrophyllite, Talc, 

Mica Group, Chlorite, (e) Tectosilicates: Feldspar Group, Cordierite 

 

Unit-IV 

Concept and application of optical indicatrix; isotropic and anisotropic minerals. Orthoscopic 

and Conoscopic study of minerals. Description and function of microscopic aids - 

Compensation plates and wedges. Interference phenomenon, interference figures, and optic 

signs. Estimation of 2V angle and refractive index. Universal stage: Principal and applications. 

 

Applied Crystallography & Mineralogy Lab 

   (Practical/Tutorial: 2 Credits) 

Identification of rock-forming minerals in hand specimens. Determination of length fast and 

length-slow characters of minerals. Scheme of pleochroism and absorption of a given mineral 

in a thin section. Determination of extinction angle and composition of plagioclase. Study of 

interference figures of uniaxial and biaxial crystals, determination of optic signs. 

Representation of symmetry elements of crystals belonging to 32 classes of symmetry and 

study of their stereograms.  

CLO-PLO Matrix for the Course MGLYCCM125: Applied Crystallography & Mineralogy 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYCCM125.1 3 2 2 1 1 1 1 0 2 



MGLYCCM125.2 3 2 1 2 1 1 1 1 2 

MGLYCCM125.3 3 2 2 2 2 3 1 1 2 

MGLYCCM125.4 3 3 2 2 2 3 1 2 2 

Average for 

MGLYCCM125 

3 2.25 1.75 1.75 1.5 2 1 1 2 

 

Books Recommended: 

1. Berry, L.G., Mason, B. and Dietrich, R.V. 1985: Mineralogy: Concepts, Descriptions 

and determinations. CBS Publishers. 

2. Dana, E.S. and Ford, W.E. 2002: A text book of Mineralogy (Reprint). 

3. De Jong, W.F., 1956: General Crystallography. Freeman, San Francisco. 

4. Deer, W.A., Howie, R.A. &Zussman, J. 2013: An Introduction to the rock forming 

minerals, ELBS and Longman. 

5. Gribble C.D., 2005: Rutley’s elements of Mineralogy, Springer. 

6. Hutchinson, C.S., 1974: Laboratory Handbook of Petrographic Techniques-John Wiley. 

7. JAk Tareen TRN Kutty 2001: A Basic Course in Crystallography. University Press 

(India) limited. 

8. Kerr, P.F.1977: Optical Mineralogy McGrew Hill. 

9. Klein, C. and Hurlbut, Jr. C.S., 1993: Manual of Mineralogy-John Wiley. 

10. Nesse, D.W., 1986: Optical Mineralogy, McGraw Hill. 

11. Perkins, D., 2013: Mineralogy, Prentice Hall. 

12. Phillips, F.C.1971. Introduction to Crystallography. Longman Group Publication.  

13. R.S. Sharma and Anurag Sharma, 2013: Crystallography & Mineralogy: Concepts and 

Methods. Geological Society of India. 

14. Phillips, Wm, R. and Griffen, D.T., 1996: Optical Mineralogy-CBS Edition. 

15. Putnis, A., 2001: Introduction to mineral Science. Cambridge University Press.  

16. Richard, V. G., 1997: Dana’s new Mineralogy. John Wiley.  

17. Spear, F.S.  1993:  Mineralogical Phase Equilibria and Pressure-Temperature-Time 

paths Mineralogical Society of America Publ. 

18. Winchell, A. N., 1968: Elements of optical mineralogy. Wiley Eastern Pvt Ltd.   

 

 

 

MGLYSFT125: Field Training 

       Credits: 02; Total Contact Hrs. 30 

                 Max. Marks: 50 

Course learning outcomes (CLOs): Upon completion of this course the students will be able 

to: 

CLO_1 This course will impart the field knowledge of identifying various geological 

structures, rock types, mineral deposits, mapping skills, etc, necessary for mineral 

exploration, disaster management, environmental protection, etc.  

CLO_2 During this course, students will be taken to various local field sites across 

Kashmir Valley so that they get a deep knowledge of the Geology and geomorphology 

of the valley, prepare a field report and communicate findings through oral 

presentations. 

 

Contents: Subject-based geological field training shall be conducted on every alternate week 

in the Kashmir Valley or whatever may be decided by the DC for a total duration of 10 days 

to two weeks (14 days). 



CLO-PLO Matrix for the Course MGLYSFT125: Field Training 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYSFT125.1 3 3 3 3 3 3 3 3 3 

MGLYSFT125.2 3 3 3 3 3 3 3 3 3 

Average for 

MGLYSFT125 

3 3 3 3 3 3 3 3 3 

 

 

 

MGLYDSP125: Earth Surface Processes 

     Credits: 02; Total Contact Hrs. 30 

              Max. Marks: 50 

Course learning outcomes (CLOs): Upon completion of this course the students will be able 

to: 

CLO_1 Explain key geomorphic processes and landforms across different 

environments, and analyse tectonic influences on landscape evolution. 

CLO_2 Interpret geomorphic markers and apply dating techniques to understand 

landform development, with emphasis on applications in land use, urbanization, and 

hazard assessment. 

 

Unit-I 

Overview of geomorphology: Basic concepts and significance of geomorphology. Geomorphic 

processes and resulting landforms in glacial, periglacial, fluvial, eolian, karst and coastal 

environments. Pedogenesis. Geomorphological cycle. Evolution of major geomorphological 

divisions of India. Drainage patterns. Morphometric and morphotectonic analysis of basins. 

Introduction to tectonic geomorphology: Energetics, active tectonics and the models of 

landscape development and modern controversies in tectonic geomorphology. Holocene 

Deformation and Landscape Responses, Knickpoints, Base Level. Alluvial river response to 

active tectonics.  

 

Unit-II 

Geomorphic expressions of dynamic earth processes. Geomorphic markers: Linear and Planar 

geomorphic markers. Landform dating techniques: Relative and absolute dating techniques - 

Clast seismic velocity method, Weathering rinds, Obsidian hydration rinds, soil development 

and the carbonate coating method, Lichenometry, Tree rings, Luminescence dating and 

Carbon-14 dating. Geomorphology in relation to land use, urbanization and natural hazards. 
 

CLO-PLO Matrix for the Course MGLYDSP125: Earth Surface Processes 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYDSP125.1 2 2 0 0 2 0 0 0 1 

MGLYDSP125.2 3 2 0 3 1 3 0 3 2 

Average for 

MGLYDSP125 

2.5 2 0 1.5 1.5 1.5 0 1.5 1.5 

 

Books recommended: 

1. Bloom, A. L. 2011: Geomorphology: A systematic analysis of Late Cenozoic 

Landforms 3rd Edition. Rawat Publications.  



2. Burbank, D. W. and Anderson, R.S., 2001: Tectonic Geomorphology Blackwell 

Sciences. 

3. Easterbrook, Easterbrook, 1994: Surface Processes and Land Forms. Prentice Hall. 

McCalpin, J., 1996: Paleoseismology Academic Press. 

4. Gautam, A., 2015: Geomorphology 5th Edition. Sharda Pustak Bhavan Allahabad. 

5. Halis, J. R. 1983: Applied Geomorphology. 

6. Holmes, A. 1992: Holmes Principles of Physical Geology Edited by P. McL. D. Duff. 

Chapman and Hall, London. 

7. Kale, V. S. and Gupta, A., 2010: Introduction to geomorphology. University Press. 

8. Pitty, A. F, 1982: Nature of Geo-Morphology. University Paper Backs. Ritter, D. F., 

1978: Process Geomorphology. Wm. C. Brown Publishers. 

9. Sharma, H. S. 1990: Indian Geomorphology. Concept Publishing Co. New Delhi. 

10. Siddhardha, K. 2016: The Earth’s Dynamic Surface- A book of Geomorphology, Kitab 

Mahal. 

11. Singh, S., 2016: Geomorphology. Pravalika Publication Allahabad. 

12. Small, R. J. 1978: Study of Landforms: A Textbook of geomorphology (2nd   Edition), 

Cambridge University Press. 

13. Summerfield M. A., 2011: Geomorphology and Global Tectonics, Wiley India Pvt Ltd. 

14. Thornbury, W. D., 2004: Principles of Geomorphology. 2nd edition CBS Publication. 

15. Vishwas, S. K and Gupta, A., 2001: Introduction to Geomorphology Orient Longman. 

 

 

 

MGLYDPC125: Petroleum and Coal Geology 

        Credits: 02; Total Contact Hrs. 30 

                 Max. Marks: 50 

Course learning outcomes (CLOs): Upon completion of this course the students will be able 

to: 

CLO_1 Explain the origin, maturation, and migration of petroleum, and assess source 

rocks, reservoir characteristics, and exploration methods including sequence 

stratigraphy. 

CLO_2 Describe coal formation, classification, petrography, and resource distribution, 

and evaluate unconventional resources and sustainable energy considerations. 

 

Unit-I 

Origin of petroleum; Biogenic and abiogenic theories on the origin of petroleum. Formation of 

kerogens: diagenesis, ketagenesis and metagenesis. Maturation of kerogen. Migration of 

Petroleum. Types and characteristics of source and reservoir rocks. Traps: types. Cap rocks and 

their properties. Petroleum Exploration: Geological and geophysical methods. Sequence 

stratigraphy vis-a-vis petroleum exploration, Petroliferous basins of India and their 

classification. 

 

Unit-II 

Coal: Origin, rank, types and grade. Physical and chemical properties of coal. Structure and 

petrography of coal. Maturation of coal. Biochemical coalification. Concepts of lithotype, 

maceral and micro-lithotype. Petrological methods: Vitrinite reflectance, optical properties of 

vitrinite and their Influence on measurements, relationship of reflectance to other optical 

properties. Geological and geographical distribution of coal deposits in India. Coal bed 



methane, shale gas. Pros and cons of coal exploration vis-a-vis energy, environment and policy 

for sustainable development.  

 
CLO-PLO Matrix for the Course MGLYDPC125: Petroleum and Coal Geology 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYEPC125.1 3 1 1 3 1 1 1 2 2 

MGLYEPC125.2 1 1 1 2 2 0 1 1 2 

Average for 

MGLYEPC125 

2 1 1 2.5 1.5 0.5 1 1.5 2 

 

Books recommended: 

 

1. Apello, C. A. J. and Postma, D. Geochemistry, Groundwater & Pollution. Balkema, 

2005 

2. Chandra, D., Singh, R.M. and Singh, M.P., 2000: Textbook of Coal (Indian Context) -

Tara Book Agency, Varanasi. 

3. Glennie, K. W., 1998: Petroleum Geology of the North Sea. Blackwell Science.  

4. Guillemot, J., 1986: Oil and Gas Exploration Techniques. Additions Technip.  

5. Holson, G. D. and Tiratsoo, E.N., 1985: Introduction Petroleum Geology. Gulf Pub.  

6. Houston, Keller, S. E., 1994: Mineral Resources, Economic and the Environment. 

McMillan College Pub.   

7. Landon, R. C., 1996: Principles of Petroleum Development Geology. Printice Hall. 

8. Levarson, 1985: Geology of Petroleum. CBS Pub.   

9. North, F. K., 1985: Petroleum Geology. Allen &Unwin. 

10. Salley, R. C., 1988. Elements of Petroleum Geology. Academic Press.  

11. Singh, M. P., (Ed.), 1998: Coal and Organic Petrology-Hindustan Publ. Corp., New 

Delhi. 

12. Stach, E., Mackowsky, M. T. H., et al., 1982:7. Stach’s Text Book of Coal Petrology- 

Gebruder Borntraeger, Stuttgart. 

13. Taylor, G. H., Teichmuller, M., Davis, A., Diessel, C.F.K., Littke, R. and Robert, P., 

1998: Organic Petrology-GebruderBorntraeger, Stuttgart. 

14. Tedesco, S. A., 1995: Surface Geochemistry in Petroleum Exploration. Chapman Hall.   

15. Tissot, B. P. &Welte, D. H., 1984: Petroleum Formation and Occurrence, Springer 

Verlag.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Masters (PG) Degree Programme in Applied Geology 

2nd Semester 

 

MGLYCAS225: Applied Sedimentology 

       Credits: 04; Total Contact Hrs. 60 

                           Max. Marks: 100 

Course learning outcomes (CLOs): Upon completion of this course the students will be able 

to: 

CLO_1 Identify and classify sedimentary rocks based on texture, structure, and mineral 

composition, and understand their tectonic and economic significance. 

CLO_2 Interpret sedimentary processes using flow dynamics, compositional maturity, 

and paleocurrent analysis for provenance and basin evolution. 

CLO_3 Reconstruct sedimentary environments through facies analysis and apply 

Walther’s Law to infer depositional settings and diagenetic changes. 

 

Unit-I 

Origin of sedimentary rocks: Particle morphology of Quartz, Feldspar, Mica, Heavy minerals 

and rock fragments. Clastic, Non-clastic and Volcanoclastic sediments and their characteristics. 

Overview of sedimentary textures and structures. Classification of sedimentary rocks, 

Sandstone, Limestone and Mudstone. Plate tectonics and sandstone composition. Economic 

critical and strategic mineral potential of sedimentary rocks. 

 

Unit-II 

Sedimentary processes: Overview of fluid flow and sediment transport, laminar and turbulent 

flow. Reynolds and Froud Number and Flow regime concept. Idealized sequence of structures 

in lower and upper flow regimes. Compositional maturity of sedimentary rocks. Use of scalar 

and vector attributes in basin analysis and provenance studies. Paleocurrent analysis: statistical 

techniques and interpretation.  

 

Unit-III 

Concept of sedimentary environments and facies. Walther’s Law of Facies and application. 

Facies models and environmental reconstruction: Lithologies, Structures and Vertical 

sequences in fluvial, eolian, glacial, deltaic, shallow marine and deep-sea environments.  

Sedimentary cycles and Cyclothems. Carbonate and sandstone diagenesis and dolomitization. 

Types of carbonate platform; their geometry and depositional architecture.  

 

Sedimentology Lab 

     (Practical/Tutorial: 1 Credit) 

● Megascopic and microscopic study of different types of sedimentary rocks and heavy 

mineral analysis.  

● Paleocurrent analysis - Primary and secondary azimuth data and paleocurrent analysis  

● Megascopic and microscopic examination of sedimentary rocks  

● Field study & measurement of sedimentary strata or stratigraphic horizons and 

preparation of stratigraphic columns.  

 

 

 

 
 

 



CLO-PLO Matrix for the Course MGLYCAS225: Applied Sedimentology 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYCAS225.1 3 2 1 0 1 0 0 0 1 

MGLYCAS225.2 2 2 1 0 1 2 1 1 1 

MGLYCAS225.3 2 2 1 0 1 1 1 1 1 

Average for 

MGLYCAS225 

2.33 2 2 0 1 1 0.66 0.66 1 

 

Books recommended:  

1. Boggs, S. Jr., 2011 Principles of sedimentology and stratigraphy. Fifth Edition 

PEARSON 

2. Collinson, J. D, 1999: Sedimentary Structures. Springer Verlag.   

3. Ehlers and Blatt, 1999: Petrology, (Igneous, Sedimentary and Metamorphic). CBS Pub. 

4. Einsele, G., 1992: Sedimentary Basins. Springer Verlag.   

5. Friedman, G. M. and Sander, J. E., 1978: Principles of Sedimentology. John Wiley.   

6. James, N.P and Jones, B., 2016 Origin of Carbonate sedimentary rocks. Wiley. 

7. Miall, A. D., 1999: Principles of Sedimentary Basin Analysis. Springer-Verlag.   

8. Pettijohn, F. J., Potter, P.E. and Siever, R, 1990: Sand and Sandstone. Springer Verlag.   

9. Reading, J. G. 1996: Sedimentary Environment and Facies. Black well.    

10. Reineck, H. E. and Singh, I.B., 1975: Deposition Sedimentary Environment. Spring-

Verlag. 

11. Selley, R. C., 1976: Introduction of Sedimentology. Academic Press, London.  

12. Sengupta, S., 1997: Introduction to Sedimentology. Oxford-IBH. 

 

 

 

 

MGLYCGI225: Global Tectonics and Igneous Petrology 

        Credits: 06; Total Contact Hrs. 90 

                 Max. Marks: 150 

Course learning outcomes (CLOs): Upon completion of this course the students will be able 

to: 

CLO_1 Explain the assembly and breakup of supercontinents and analyse plate tectonic 

processes using geological and geophysical evidence. 

CLO_2 Interpret geomagnetic data, mantle dynamics, and hotspot activity in the context 

of tectonic evolution and magmatism. 

CLO_3 Describe magma generation and evolution processes, and relate them to 

different tectonic settings and mantle characteristics. 

CLO_4 Apply geochemical and isotopic tools to evaluate magma evolution, igneous 

petrogenesis, and metallogeny. 

 

Unit-I 

Supercontinents: Rodinia, Columbia, Pangea, and Gondwana their assembly and breakup. 

Concept of future supercontinent.  Geological evidence of Continental drift, Wilson cycle, Sea 

floor spreading. Interior of the earth: mechanical and compositional properties of earth’s crust, 

mantle and core, lithosphere, asthenosphere and LVZ. Plate tectonic theory. Different types of 

Plate boundaries and margins, and their geological, geochemical and geophysical 

characteristics. Characteristic features associated with plate boundaries and margins. Accretion 

of terranes. Concepts of Ophiolites, Ophiolitic Melange, Paired metamorphic belts and their 

significance.  



Unit-II 

Geomagnetism: rock magnetization, reversals in the earth’s magnetic field, polar wandering 

and paleomagnetism. Geomagnetic polarity time scale. Heat flow, mantle plumes, and triple 

junctions. Hot spot and general characteristics. Hotspot tracks.  Plate tectonics and magmatism. 

Recent evidence of initiation of rifting and subduction.  

Unit-III 

Magma generation and types of magma. Evolution of magma. Magmatic Crystallization, 

Differentiation, Magma Mixing and Mingling, Immiscibility, Partial Melting. Role of volatiles 

(H2O, CO2) in modifying magma composition and crystallization paths. Generation of magma 

under tectonic settings. Plume magmatism and hot spots. Mantle heterogeneities. Mantle 

xenoliths -types, and applications. Igneous enclaves: types and applications. Kinetic paths and 

fabric of magmatic rocks. IUGS and Chemical Classification of Igneous Rocks. Petrology and 

Petrogenesis of Igneous Rocks. Petrogenesis and global significance of LIPs, such as the 

Deccan Traps and Panjal Traps. 

 

Unit-IV 

Phase equilibrium of binary (Ab-An, Ab-Or, Di-An, Fo-Si) and ternary (Di-Ab-An, Di-Fo-Si, 

Di-Fo-An, Ne-Ks-Si, Fo-An-Si) systems. Geochemical characteristics of primary magma. 

Chemical fractionation, partition coefficient, and trace element compatibility. Magma 

evolution models (batch melting, incremental batch melting, dynamic melting, fractional 

crystallization, Rayleigh fractionation). Isotopes as petrogenetic indicators. Application of 

geochemistry (major, trace and REE's) in igneous petrology. Metallogeny and plate tectonics: 

ore formation vis-a-vis igneous processes. 

 

Global Tectonics and Igneous Petrology lab 

   (Practical/Tutorial: 2 Credits) 

● Megascopic and microscopic examination of acidic, basic and ultramafic igneous rocks.  

● CIPW normative calculations based on geochemical data of a few ultramafic, mafic and 

felsic rocks (Manual and computer programming).   

● Preparation and interpretation of a few geochemical diagrams (Harker variation 

diagrams, AFM, Rb-Hf-Ta, Rb-Yb+Nb, and Nb-Th diagrams).  

● Normalization and interpretation of rare earth element data some ultramafic, mafic and 

felsic rocks.  

● Study of Geotectonics maps of major plates and their movements.  

● Field study of igneous textures and structures and collection of igneous rock samples 

for petrographic analysis.  

 
CLO-PLO Matrix for the Course MGLYCGI225: Global Tectonics and Igneous Petrology 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYCGI225.1 3 3 3 2 2 2 2 1 2 

MGLYCGI225.2 3 3 3 2 2 2 2 1 2 

MGLYCGI225.3 3 3 3 3 2 3 2 2 2 

MGLYCGI225.4 3 3 3 3 2 3 2 2 2 

Average for 

MGLYCSG125 3 3 3 2.5 2 2.5 2 1.5 2 

 

Books Recommended: 



1. Albert, J., 1967: Descriptive petrology of the Igneous Rocks. Mc-Graw Hill, New 

York.   

2. Alexander, Mc. B., 1987: Igneous Petrology. Prentice Hall.   

3. B. Ronald Frost and Carol D. Frost (2014) Essentials of Igneous and Metamorphic 

Petrology. Cambridge University Press. 

4. Barth, T. F. W., 1956: Theoretical Petrology. Mc-Graw Hill, New York.   

5. Best, M. G., 1986: Igneous Petrology, CBS Pub.   

6. Blatt H. & Tracy R.J. 1995. Petrology: Igneous, Sedimentary & Metamorphic. WHF & 

Co, New York.  

7. Bose, M. K., 1997: Igneous Petrology. World Press.   

8. Condie, K.C., 2013: Plate tectonics & crustal evolution. Elsevier. 

9. Cox, A., 1996: Plate Tectonics. Blackwell.  

10. Davies, G.F. 1977: Dynamic earth: Plates, plumes, and mantle convection. Cambridge 

University Press, Cambridge, 458 pp. 

11. Hall, A., 1988: Igneous petrology. ELBSI Longman.   

12. Kearey, P., Klepeis, K.A. and Vine, F. J., 2013. Global Tectonics. John Wiley & Sons 

Ltd. UK. 

13. McBirney, A. R., 1993: Igneous Petrology. John Wiley.  

14. Moores, E. M. and Twiss, R. J., 2006. Tectonics, W.H. Freeman & Company, 

15. Philpotts, A., & Ague, J. 2009: Principles of Igneous and Metamorphic Petrology. 

Cambridge: Cambridge University Press.  

16. Philpotts, A., 1992: Igneous and Metamorphic Petrology. Prentice Hall.   

17. Piper, J.D.A. 1987: Paleomagnetism and the continental Crust. New York, J. Wiley, 

434 pp. 

18. Shelley, D., 1995: Descriptive Petrology of the Igneous Rocks. Chapman & Hall.  

19. Turner &Verhoogen, 1999: Igneous and Metamorphic Petrology. CBS Pub.   

20. Valdiya, K.S., 2009: Aspects of Tectonics: Focus on South-Central Asia. Tata 

McGraw-Hill. 

21. Winter, J.D.  2010: Principles of Igneous and Metamorphic Petrology: Pearson New 

 

 

 

 

MGLYCMG225: Metamorphic Petrology & Gemmology 

       Credits: 06; Total Contact Hrs. 90 

                 Max. Marks: 150 

Course learning outcomes (CLOs): Upon completion of this course the students will be able 

to: 

CLO_1 Explain metamorphic processes, types, and controlling factors, and analyse 

metamorphic textures and structures. 

CLO_2 Classify metamorphic facies and reactions, and apply geothermobarometry to 

interpret metamorphic conditions. 

CLO_3 Interpret P-T-t paths, petrogenetic grids, and the tectonic context of regional and 

extreme metamorphism. 

CLO_4 Describe key gemmological properties and evaluate the quality, origin, and 

characteristics of major gemstones. 

 

Unit-I 

Introduction to metamorphic petrology: Metamorphism and metamorphic processes; factors 

controlling metamorphism; temperature, pressure, role of fluids and bulk mineralogy in 

https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Khadg+Singh+Valdiya%22&source=gbs_metadata_r&cad=5


metamorphism; types of metamorphism; index minerals; mineral assemblages; metamorphic 

differentiation. Metamorphic structures and fabric of metamorphic rocks. Concepts and laws 

of thermodynamics in metamorphic petrology. Claussius-Clapeyron   equation   and   slopes of 

metamorphic reactions; progressive and retrogressive metamorphism of pelitic, calcareous, and 

basic rocks. 

 

Unit-II 

Metamorphic facies: Pressure, temperature and mineral assemblages of albite-epidote hornfels; 

hornblende-hornfels; pyroxene hornfels; greenschist; amphibolite; granulite; prehenite – 

pumpellite; glaucophane-lawsonite (blueschist); eclogite. Metamorphic reactions and 

diagrams. Metamorphic facies series. Barrovain Zones. Mineralogical geothermo-barometry  

 

Unit-III 

Conditions of metamorphism: Roles of bulk rock and fluid compositions on the dispositions of 

isograds. Schrienemakers rule and construction of petrogenetic grids; their application to 

petrological problems. Anatexis and origin of migmatites. P-T-t paths and their implications.  

Ultra-high temperature, ultra-high pressure and ocean-floor metamorphism. zoning. Regional 

Metamorphism and Paired Metamorphic Belts in relation to Plate Tectonics. Spatial link 

between magmatism, metamorphism and tectonics. 

 

Unit-IV 

Introduction to gemmology, basic qualities (hall marks), Chemical composition, Weights and 

measures.  Basic qualities of gemstones, the 4 ‘C’s – Colour, Clarity, Carat and Cut, Factors 

that influence the value of gemstones, beauty, durability, rarity and acceptability. Optical 

properties – Importance of light in gemmology, the electromagnetic spectrum, the visible 

region. Natural gemstones - Origin and occurrence of organic and inorganic gem stones. 

Important gemstones: Pearl, Coral, Beryl, Cchrysoberyl, Corundum, Sapphire, Ruby, 

Diamond, Garnet, Jadeite, Opal, Spinel, Topaz, Tourmaline and Zoisite. 

 

Metamorphic Petrology & Gemmology Lab 

   (Practical/Tutorial: 2 Credits) 

● A detailed study of rock textures in hand specimens and thin sections with reference to 

the timing relationships between deformation phases and the recrystallization of 

minerals.  

● Calculation of ACF, AKF and AFM values from the chemical and structural formulas 

of minerals and their graphical representation.  

● Examination of metamorphic rocks in both hand specimens and thin sections 

representing different metamorphic facies, with emphasis on texture, structure, mineral 

composition, parent rock and metamorphic facies classification. 

● Identification of various gem stones. 

● Field study of metamorphic textures and structures and collection of metamorphic rock 

for petrographic analysis and collection of Gemstones if any. 
 

CLO-PLO Matrix for the Course MGLYCMG225: Metamorphic Petrology & Gemmology 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYCMG225.1 3 3 2 3 2 3 2 2 3 

MGLYCMG225.2 3 3 3 3 3 2 2 2 3 

MGLYCMG225.3 3 2 3 2 3 2 2 2 3 

MGLYCMG225.4 3 2 2 2 2 3 2 2 3 

Average for 

MGLYCMG225 

3 2.5 2.5 2.5 2.5 2.5 2 2 3 



Books Recommended: 

1. Babu T.M (1998) Diamonds in India, Geological Society of India.  

2. Best, M.G., 1986: Igneous Petrology-CBS Publ. 

3. Bose, M.K., 1997: Igneous Petrology-World Press. 

4. Bucher, K. and Frey, M.1994: Petrogenesis of Metamorphic Rocks-Springer Verlag. 

5. Fareeduddin& R. H. Mitchell (2012) Diamonds and their Source rocks in India, GSI.  

6. Karanth R.V (2008) Gemstones Enchanting Gifts of Nature, Geological society of 

India.  

7. Kretz, R., 1994: Metamorphic Crystallization-John Wiley. 

8. Perchuk, L.L. and Kushiro, I.1991: Physical Chemistry of Magmas-Springer Verlag. 

9. Philpotts, A., & Ague, J. 2009: Principles of Igneous and Metamorphic Petrology. 

Cambridge: Cambridge University Press. 

10. Read, P. G. 1991: Gemmology, Butterworth-Heinemann Ltd.  

11. Sinkankas, J. 1969: Mineralogy: A First Course, Van Nostrand Reinhold Company.  

12. Turner, F.J., 1990: Metamorphic Petrology, McGraw Hill, New York. 

13. Webster, R. and edited by Anderson, B.W. (1983) Gems: Their Sources, Descriptions 

and Identification, Butterworth-Heinemann Ltd. 

14. Yardley, B.W. 1989: An Introduction to Metamorphic Petrology-Longman. 

 

 

 

 

 

MGLYSFT225: Field Training 

     Credits: 02; Total Contact Hrs. 30 

              Max. Marks: 50 

Course learning outcomes (CLOs):  

CLO_1 This course will impart the field knowledge of identifying various geological 

structures, rock types, mineral deposits, mapping skills, etc., necessary for mineral 

exploration, disaster management, environmental protection, etc.  

CLO_2 During this course, the students will be taken to various geological field sites 

selected across different states/UTs of India so that they get a deep knowledge of the 

geology of the country. 

Content: Geological field training of 3 weeks shall be conducted in different parts of India. 

CLO-PLO Matrix for the Course MGLYSFT225: Field Training 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYSFT225.1 3 3 3 3 3 3 3 3 3 

MGLYSFT225.2 3 3 3 3 3 3 3 3 3 

Average for 

MGLYSFT225 

3 3 3 3 3 3 3 3 3 

 

 

 

 

 

 

 

 



MGLYDHG225: Himalayan Geology 

      Credits: 02; Total Contact Hrs. 30 

                Max. Marks: 50 

Course learning outcomes (CLOs): Upon completion of this course the students will be able 

to: 

CLO_1 Understand the origin, evolution, and geotectonic subdivision of the Himalaya 

with emphasis on its major physiographic and structural divisions. 

CLO_2 Explain the geology and regional framework of key tectonic units in the NW 

Himalaya, including their lithologies and economic mineral resources. 

 

Unit-I 

Origin and evolution of Himalaya. Phases of upheaval of Himalaya. Physiographic and 

Geotectonic sub-division of Himalaya. Brief introduction about the geology and regional 

framework of different geotectonic divisions of Himalaya: Outer Himalaya, Lesser Himalaya, 

Tethys Himalaya, Higher Himalayan Crystalline and Trans-Himalaya.   

 

Unit-II 

Brief introduction about the geology and regional framework of different tectonic units:  Dras 

Volcanics, Indus Ophiolites and Ophiolitic melange, Indus Flysch & Molasse sediments of 

Indus Suture Zone (ISZ) and Ladakh Batholith in the NW Ladakh Himalaya.   Mineral 

resources of the Himalaya. Brief idea about Shyok Suture Zone (SSZ) and accreated Eastern 

Karakoram Orogen. 

 
CLO-PLO Matrix for the Course MGLYDHG225: Himalayan Geology 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYDHG225.1 3 3 2 1 1 2 0 1 1 

MGLYDHG225.2 3 3 2 1 1 2 1 1 1 

Average for 

MGLYDHG225 3 3 2 1 1 2 0.5 1 1 

 

Books recommended: 

1. Biyani, A. K., 2006: Dimensions of Himalayan Geology. Satish Serial Publishing 

House, New Delhi. 

2. Condie, K.. C., 1982: Plate Tectonics and Crustal Evolution Pergamon Press. 

3. Gass, I. G. and others 1982: Understanding the Earth. Artemis Press (Pvt.) Ltd. U.K. 

4. Heim, A. and Gansser, A., 1939: Central Himalaya. Geologic Observations of the Swiss 

Expedition, 1936. Gebruder Fretz. 

5. Sharma, K. K., 1991: Geology and Geodynamic evolution of the Himalayan Collision 

Zone.  

6. Sinha, A. K., 1989: Geology of Higher Central Himalaya, John Wiley & Sons, New 

York. 

7. Sinha, A. K., Sassi, F. P. and Papanikolaou, D., 1997: Geodynamic domains in the 

Alpine- Himalayan. 

8. Tethys, Sinha, A. K., 1992: Himalayan Orogen and Global Tectonics. 

9. Thakur, V. C. and Sharma, K. K., 1983: Geology of the Indus Suture Zone of Ladakh. 

10. Thakur, V. C., 1992: Geology of Western Himalaya. John Wiley & Sons, New York. 

11. Windley B. 1973: The Evolving continents. John Wiley & Sons, New York. 

 

 

 



MGLYDMG225: Marine Geology 

      Credits: 02; Total Contact Hrs. 30 

               Max. Marks: 50 

Course learning outcomes (CLOs): Upon completion of this course the students will be able 

to: 

CLO_1 Describe the structure and evolution of ocean basins, oceanic sediments, and 

marine mineral resources in the context of plate tectonics. 

CLO_2 Explain ocean-atmosphere interactions, ocean circulation patterns, and apply 

paleoceanographic proxies for reconstructing past climate and monsoon variability. 

Unit-I 

Introduction to Ocean and Ocean Basins: Continental margins; Deep Ocean Basins. Plate 

tectonics and the ocean floor. Evidence Supporting Plate Tectonics: Types of features at plate 

boundaries. Oceanic sediments: Classification, distribution and methods of study. Marine 

mineral resources:  Types, distribution, exploration and utilization. Pollution and conservation 

of marine resources. 

 

Unit-II 

Air Sea interaction. Ocean influence on weather patterns. Ocean Circulation, Coriolis effect 

and Ekman spiral, convergence, divergence and upwelling, El Nino. Indian Ocean Dipole 

Thermohaline circulation and oceanic conveyor belt. Palaeoceanography: Methods and proxies 

of paleoceanographic reconstructions. Reconstruction of monsoon variability by using marine 

proxy records. Methods of paleo-sea surface temperature quantification. Marine stratigraphy, 

correlation, and chronology. 

 

CLO-PLO Matrix for the Course MGLYDMG225: Marine Geology 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYDMG225.1 3 3 1 2 1 1 1 3 3 

MGLYDMG225.2 2 2 2 3 1 3 1 3 3 

Average for 

MGLYDMG225 

2.5 2.5  2.5 1 2 2 3 3 

 

Books Recommended: 

1. Arnold. 2002: Quaternary Environmental Micropaleontology (Ed. Simon K. Haslett), 

Oxford Univ. Press, New York. 

2. Kennett, J. P., 1982: Laboratory Excercises in Oceanography Marine Geology, 

Prentice Hall.  

3. Komar, P. D., 1976: Beach processes and sedimentation, Prentice Hall. 

4. Seibold, E. and Berger, W. H., 1982: The Sea Floor, Springer-Verlag. 

5. Shepard, F., 1963: Submarine Geology, Harper Row. 

6. Thurman, H. V., Trujillo, A. P., Abel, D. C. and McConnell, R., 1999: Essentials of 

oceanography. Upper Saddle River, NJ: Prentice Hall. 

 

 

 

 

 

 



MGLYEGH225: Geo-Hazards 

        Credits: 02; Total Contact Hrs. 30 

                 Max. Marks: 50 

Course learning outcomes (CLOs): After completing this course, the students will be able to: 

CLO_1 Identify types, causes, and mechanisms of geohazards including seismic, 

landslide, flood, coastal, and volcanic hazards. 

CLO_2 Analyse geohazard susceptibility, zonation, and mitigation strategies using 

geological knowledge and remote sensing tools. 

 

Unit-I 

Introduction, types and generating mechanisms of geohazards: Earthquakes, Landslides, 

Subsidence, Sinkholes, Avalanches, GLOF`s Floods and Droughts. Types and generating 

mechanisms of Coastal & Marine Hazards and Volcanic Hazards.  

 

Unit-II 

Geological controls on hazard susceptibility. Causes, impact and assessment of human-induced 

hazards (Mining-induced subsidence, reservoir-induced seismicity, and Desertification). 

Spatial distribution of major geohazards in India. Seismicity in India. Zonation mapping: 

Seismic, flood hazard and landslide hazard zonation. Preparedness, response, recovery and 

mitigation strategies for Earthquakes, Landslides, Avalanches, GLOF`s and Floods. 

Application of Remote Sensing & GIS in geohazards. Case studies of major disasters and 

mitigation.  
CLO-PLO Matrix for the Course MGLYEGH225: Geo-Hazards 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYEGH225.1 3 3 2 1 1 2 0 1 1 

MGLYEGH225.2 3 3 2 1 1 2 1 1 1 

Average for 

MGLYEGH225 3 3 2 1 1 2 0.5 1 1 

 

Books recommended:  

1. Aki, K. and P. G. Richards., 2002: Quantitative Seismology, University Science Books, 

Sausalito, CA.  

2. Alcira Kreime, Margaret Arnold, Anee Carlin, 2003: Building safer cities. New York 

United Nations Press. 

3. Bell, F. G., 2007: Engineering Geology (2nd Edition). Elsevier. 

4. Bolt, B. A., 1992: Inside the Earth, W.H. Freeman, San Francisco.  

5. Denis Smith, Steve Tombs., 2000: Risk management and Society-Eve Coles. 

6. Edgardo Latrubesse., Natural Hazards and Human-Exacerabated disasters, National 

University of Colombia. 

7. Gupta, H. K., 2003: Disaster Management. University Press (India). 

8. Hyndman, D. and Hyndman, D., 2016: Natural Hazards and Disasters (5th Edition). 

Cengage. 

9. Iyer, H. M. and Hirahara, K.,1993: Seismic Tomography Theory and Practice, Chapman 

& Hall, New York.  

10. Keller, E. A. and DeVecchio, D. E., 2016: Natural Hazards.  

11. Landslides - Risk reduction. Kyoji Sassa, Paolo Canuti. 2008, Kluwer Academic 

Publishers. 

12. Lay, T. and T. C. Wallace, 1995: Modern Global Seismology, Academic Press, San 

Diego.  

_________________________________________________________________________ 



Masters (PG) Degree Programme in Applied Geology 

3rd semester 

 

MGLYCAG325: Applied Geochemistry 

       Credits: 06; Total Contact Hrs. 90 

                 Max. Marks: 150 

Course learning outcomes (CLOs): After completion of this course, the student will be able 

to: 

CLO_1 Describe Earth's geochemical differentiation, meteorite composition, and 

classify elements using Goldschmidt’s and other geochemical schemes. 

CLO_2 Apply thermodynamic and kinetic principles to understand geochemical 

processes and trace element behavior in igneous systems. 

CLO_3 Evaluate sedimentary geochemical indicators, design geochemical sampling 

strategies, and analyze elemental dispersion in natural and contaminated environments. 

CLO_4 Interpret stable isotope data, apply radiometric dating methods, and assess their 

geochronological applications and limitations. 

 

Unit-I 

Introduction to Geochemistry: Origin of Earth, Differentiation and formation of core, mantle, 

crust, hydrosphere, atmosphere, Earth composition. Origin and abundance of elements in the 

solar system and in the Earth. Meteorites: Classification, mineralogy, chemical composition, 

origin and age of meteorites. Geochemical cycle of elements. Goldschmidt’s classification of 

elements. Goldschmidt’s rules for ionic substitution. Geochemical classification of elements:  

major elements, trace elements, transition elements, compatible and incompatible elements, 

HFSE, LILE/LFSE, PGE and REE.  

 

Unit-II 

Concept of equilibrium. Entropy, enthalpy, Gibbs free energy, and laws of thermodynamics. 

Chemical kinetics in geoscience and its applications: disequilibrium textures. Concept of 

partition and distribution coefficient of trace elements. Physical control of the values of 

partition coefficients in mineral/melt systems. Geological controls on the distribution of trace 

elements. Utility of trace elements in the petrogenesis of igneous rocks. Distribution of REE(s) 

in Earth’s mantle and crust. 

 

Unit-III 

Application of trace elements in sedimentary environments and provenance studies. 

Paleoweathering and redox indicators. Stability diagrams and their applications (Eh/pH). 

Sampling strategies and overview of instrumental techniques in geochemical analysis (e.g., 

EPMA, AAS, XRF, ICP-MS, TIMS). Geochemical mapping techniques: Applications in 

mineral prospecting, environmental assessment, agriculture, and human health. Natural and 

anthropogenic contamination of soil. Geochemical Dispersion of elements: Primary & 

Secondary Dispersion.  

 

Unit-IV 

Abundance, distribution and fractionation of H, B, C, O, S isotopes in nature. Stable isotope 

thermometers: principles and applications. Applications of traditional and non-traditional 

stable isotope geochemistry in petrogenesis of rocks. Geochronology: Concepts and 

calculations of Isochron age, Model age, Chemical age. Concepts, construction and 

implications of Concordia and Discordia diagram. Study of radiometric dating methods used 



in geochronology: Principles, applicability, advantages and limitations of Rb-Sr, K-Ar, Sm-

Nd, U-Th-Pb, Pb-Pb and Re-Os systems for dating minerals and rocks. 

 

Applied Geochemistry Lab 

   (Practical/Tutorial: 2 Credits) 

● Mineral formula recalculation (on Excel worksheets) of olivine, pyroxene, amphibole, 

mica and feldspars.  

● Calculation of weathering indices in soil and sedimentary rocks and sediments.  

● Preparation of classificatory and variation diagrams of some important igneous, 

metamorphic, and sedimentary rocks and their interpretation.  

● Plotting of REE data and their interpretation.  

● Collection of rock/soil/regolith/sediment/water samples from the field for geochemical, 

heavy mineral analysis, and petrographic study.  

● Quality control for sample collection, oriented samples.   

● Software & worksheets for geochemical data analysis (GCD kit, Norm4, etc.).  

 

CLO-PLO Matrix for the Course MGLYCAG325: Applied Geochemistry 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYCAG325.1 3 3 2 2 2 2 1 1 2 

MGLYCAG325.2 3 3 2 2 2 2 1 1 2 

MGLYCAG325.3 3 3 3 2 3 2 2 2 2 

MGLYCAG325.4 3 3 3 2 3 2 2 2 2 

Average for 

MGLYDHG225 3 3 2.5 2 2.5 2 1.5 1.5 2 

 

Books Recommended: 

1. Faure, G., 1986: Principles of Isotope Geology-John Wiley. 

2. Henderson, P., 1987: Inorganic Geochemistry-Pergamon Pres. 

3. Hoefs, J., 1980: Stable isotope Geochemistry –Springer Verlag. 

4. Hugh, R.  Rollinson. 1993: Using Geochemical Data:  Evaluation, Presentation and 

Interpretation, Pearson Prentice Hall. 

5. Krauskopf, K. B., 1967: Introduction to Geochemistry-McGraw Hill. 

6. Kula, C. Misra., 2012: Introduction to Geochemistry: Principles and Applications, 

Wiley-Blackwell. 

7. Lentz D.R., 2003, Geochemistry of Sediments and Sedimentary Rocks. Publisher: 

Geological Assn of Canada 

8. Marshal, C. P. and Fairbridge, R.W., 1999: Encyclopaedia of Geochemistry-Kluwer 

Academic. 

9. Mason, B. and Moore, C. B., 1991: Introduction to Geochemistry-Wiley Eastern. 

10. Nordstrom, D. K. and Munoz, J. L., 1986: Geochemical Thermodynamics-Blackwell. 

11. Paul Alexandre, 2022: Practical Geochemistry. Springer Nature Switzerland AG. 

12. White, W. M., 2018: Encyclopaedia of Geochemistry. Springer. 

13. White, W. M., 2023: Isotope Geochemistry, Wiley. 

 

 

 

 

 

 



MGLYCHG325: Hydrogeology 

       Credits: 06; Total Contact Hrs. 90 

                 Max. Marks: 150 

Course learning outcomes (CLOs): Upon completion the students will be able to: 

CLO_1 Explain groundwater flow principles, aquifer properties, and climate change 

impacts on groundwater in J&K, including sustainable recharge interventions. 

CLO_2 Apply geological and geophysical techniques in groundwater exploration and 

interpret results from pumping and slug tests for aquifer characterization. 

CLO_3 Assess groundwater quality, hydrogeochemistry, and management strategies for 

aquifers, including methods for controlling waterlogging and salinity. 

CLO_4 Construct and apply groundwater flow and contaminant transport models, 

including MODFLOW and FEFLOW, for simulation and resource planning. 

 

Unit-I 

An overview of the hydrological cycle, aquifers, groundwater fluctuations, porosity, specific 

retention, specific yield, hydraulic conductivity, transmissivity, storage coefficient. Methods 

for estimation of aquifer parameters. Water table maps and flow net analysis; Darcy's Law and 

its validity. Differential equations for groundwater flow. Groundwater aquifer types of J&K: 

Impact of extreme climate change on groundwater scenario of Kashmir. Scope of geological 

engineering interventions for recharging the groundwater: Rainwater harvesting/watershed 

management, etc. Effect of riverbed mining on groundwater recharge process & way forward: 

Case studies.  

 

Unit-II 

Surface and subsurface methods for groundwater exploration—geological and geophysical. 

Preparation of strata charts, design of tube well assembly and water well design criteria. Water 

level development and yield tests, well completion reports. Steady, unsteady and radial flow 

into a well; Concept of groundwater flow through dispersion and diffusion; pumping tests, slug 

tests for confined and unconfined aquifers; Determination of aquifer characteristics from pump 

tests.  

 

Unit-III 

Groundwater basin management methods: groundwater basin investigations and management 

practices; concepts of managed aquifer recharge and methods; Waterlogging - Causes and 

remedial measures; Fresh and saltwater relationships in coastal areas. Hydro-geochemistry-

physical and chemical constituents in groundwater (major ions and trace elements), water 

facies; Groundwater quality: sampling and analyses; Quality criteria for drinking, irrigation, 

and industrial purposes. Pollution of groundwater. Groundwater and hydro-chemical provinces 

of India. 

 

Unit-IV 

Groundwater modelling: physical, analog, and mathematical modelling; data requirements; 

conceptualization; Finite difference and finite element methods. Application of different types 

of models in hydrology, parameter estimation, model calibration, validation and uncertainty 

analysis; non-reactive and reactive contaminant transport groundwater model; Application of 

MODFLOW and FEFLOW. 

 

GLYP25302-CR: Hydrogeology Lab 

   (Practical/Tutorial: 2 Credits) 

● Estimation of precipitation of an area by Isohytal and Theissen’s polygonal methods. 



● Preparation of water table maps for the hydrogeological characterization  

●  Field-based pumping tests and analysis of aquifer performance test data 

● . Hydrographs analysis and estimation of various hydrogeological parameters.  

● Piper diagram preparation. 

● Resistivity survey of any area, including the university campus, and its interpretation.  

● Modeling exercise.  
 

CLO-PLO Matrix for the Course MGLYCHG325: Hydrogeology 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYCHG325.1 1 0 0 1 1 1 1 1 1 

MGLYCHG325.2 3 2 1 1 1 2 2 1 1 

MGLYCHG325.3 3 2 1 2 1 2 1 1 1 

MGLYCHG325.4 3 3 2 2 2 2 1 2 1 

Average for 

MGLYCHG325 2.5 1.75 1 1.5 1.25 1.75 1.25 1.25 1 

 

Books recommended: 

1. Anderson, M., Applied Groundwater modeling. Elsevier 

2. Chow, V. T, 1988: Advances in Hydrosciences, McGraw Hill. 

3. Fetter, C. W., 1990: Applied Hydrogeology. Merill Publishing. 

4. Freeze, R. A. & Cherry, J. A., 1979: Ground Water. Prentice Hall. 

5. Karanth, K. R., 1987: Groundwater Assessment-Development and Management. Tata 

McGraw Hill. 

6. Raghunath, N. M., 1982: Ground Water. Wiley Eastern. 

7. Ragunath, H. M., 1997: Hydrology, Principles, Analysis, Design. New Age Pub.  

8. Roa, K. L., 1979: India’s Water Wealth, Orient Blackswan. 

9. Rushton, K, R.,Groundwater Hydrology. Wiley 

10. Todd, D. K.., 1980: Groundwater Hydrogeology John Wiley. 

 

 

 

MGLYCRS325: Remote Sensing & GIS 

       Credits: 04; Total Contact Hrs. 60 

                 Max. Marks: 100 

Course learning outcomes (CLOs):  

CLO_1 Understand the principles of remote sensing, electromagnetic interactions, and 

visual interpretation for geological applications. 

CLO_2 Perform digital image analysis using pre-processing, enhancement, 

classification, and accuracy assessment techniques. 

CLO_3 Apply GIS, GNSS/GPS, and remote sensing tools in geoscientific 

investigations, including lithological mapping, environmental monitoring, and 

hydrological modelling. 

 

Unit-I 

Remote Sensing: Basic concepts, fundamentals, data sources, Types of scanners and image 

acquisition: History and scope of remote sensing, concepts of remote sensing, electromagnetic 

radiations, matter interactions with atmosphere and terrain atmospheric windows, spectral 

reflectance of vegetation, soils, minerals and rocks. Elements of visual image interpretation. 



Factors governing image interpretation, verification and validation of RS data (ground 

truthing). 

 

Unit-II 

Digital analysis of Remote Sensing data: Picture element and image statistics, Geometric and 

Radiometric Distortions, Pre-processing of satellite data (radiometric and geometrical 

corrections). Image enhancement techniques. Image filtering techniques. Spectral ratios and 

indices. Digital image classification: Supervised and unsupervised classification. Accuracy 

assessment: sources of errors and measurement of map accuracy, Kappa coefficient. 

 

Unit-III 

Geographic Information System (GIS), GIS Software and application. Introduction to GNSS 

and GPS, Applications of Remote Sensing and GIS to Geosciences: Lithology and structure 

(faults, folds), Environmental: Land Use and Land Cover (LULC) changes, monitoring 

erosion, urbanization and deforestation. Survey: Cadastral mapping, digital terrain models. 

Hydrology: Hydrological modelling and groundwater prospecting. 

 

Remote Sensing & GIS Lab 

     (Practical/Tutorial: 1 Credit) 

● Working with Remote sensing and GIS software system Eradas, ArcGIS.  

● Import and export of satellite data  

● Different image and remote sensing data formats.  

● Earth surface features on the images. 

● Generation of shapefile, image clips, Preparation of Lithological, Drainage, LULC, 

Slope and Aspect maps.  

● Grass GIS for Geomorphon, hands-on practices on open-source GIS software’s like 

QGIS.  

  
CLO-PLO Matrix for the Course MGLYCRS325: Remote Sensing & GIS 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYCRS325.1 1 0 1 1 1 1 3 1 1 

MGLYCRS325.2 0 1 1 0 1 1 3 1 1 

MGLYCRS325.3 3 3 2 2 2 2 3 2 2 

Average for 

MGLYCRS325 1.33 1.33 1.33 1 1.33 1.33 3 1.33 1.33 

 

Books recommended: 

1. Burrough, P. A., 2003: Principles of Geographic Information Systems. Oxford 

University Press. 

2. Campbell, J., 2002: Introduction to Remote Sensing. Guilford Press, New York. 

3. Demers, M. N., 1999: Fundamentals of Geographic Information Systems. John Wiley. 

4. Gupta, R.P., 2017. Remote sensing geology. Springer. 

5. Jensen, J. R., 2004: Remote Sensing of the Environment. Prentice Hall, New Jersey. 

6. John, A. Richards, 1993: Remote Sensing Digital Image Analysis. Springer-Verlag. 

7. Lillesand, T. M. and Kiefer, R. W., 2002: Remote Sensing and Image Interpretation. 

Prentice Hall, New Jersey. 

8. Sabbins, F. F., 1985: Remote Sensing - Principles and Applications. Freeman. 

9. Wiley Rees, W. G., 2001: Physical Principles of Remote sensing. Cambridge University 

Press. 

 



MGLYPPW325: Project Work-I 

                                              Credits: 02; Total Contact Hrs. 30 

                Max. Marks: 50 

Course learning outcomes (CLOs): This course introduces students to the fundamentals of 

research methodology.  

CLO_1 In consultation with their mentors, students select a research problem or topic 

of their interest. They conduct a comprehensive review of relevant literature, develop a 

research synopsis, and present it before an expert committee.  

CLO_2 Based on the feedback received, students refine their proposals and proceed with 

the approved topic in the final semester, during which they undertake an in-depth 

investigation and produce a full-length dissertation over a six-month period. 
 

CLO-PLO Matrix for the Course MGLYPPW325: Project Work-I 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYPPW325.1 2 3 3 3 3 2 3 3 1 

MGLYPPW325.2 3 3 3 3 3 3 3 3 3 

Average for 

MGLYPPW325 

2.5 3 3 3 3 3 3 3 2 

 

 

 

MGLYDGP325: Geophysics 

                                                Credits: 02; Total Contact Hrs. 30 

                 Max. Marks: 50 

Course learning outcomes (CLOs): Upon completion of this course, the students will be 

able to: 

CLO_1 Understand the principles, methods, and data interpretation techniques of 

geophysical exploration and Earth material properties. 

CLO_2 Apply geophysical techniques in geological investigations including mineral, 

petroleum, groundwater exploration, and environmental assessments. 

 

Unit-I 

Introduction to Geophysics. Concept of Geoid. Structure and physical properties of Earth 

materials: Density, porosity, permeability, electrical resistivity, magnetic susceptibility, seismic 

velocity. Elastic moduli: Young’s modulus, shear modulus, bulk modulus, Poisson’s ratio. 

Principles and classification of geophysical methods: gravity, magnetic, electrical, seismic, 

radiometric and electromagnetic. Satellite geodesy. Fundamentals of wave propagation, 

electrical conduction, magnetic response and radioactive decay as applied to geophysical 

techniques. Basics of geophysical data acquisition, processing and interpretation. Types of 

geophysical anomalies and corrections.  

 

Unit-II 

Applications of Geophysics in Geology: Application of gravity and magnetic methods in 

structural mapping, mineral and petroleum exploration, and basin analysis. Use of electrical 

and electromagnetic methods in groundwater studies, mineral prospecting, and environmental 

investigations. Seismic methods for subsurface structure mapping, tectonic studies and 

hydrocarbon exploration. Radiometric techniques for lithological mapping and detection of 

alteration zones. Integrated geophysical interpretation using multiple datasets in geological 

investigations and site assessments. GPS and its application in geology. 
 

CLO-PLO Matrix for the Course MGLYDGP325: Geophysics 



UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYDGP325.1 3 3 0 3 1 3 3 1 2 

MGLYDGP325.2 3 3 1 3 1 1 3 2 2 

Average for 

MGLYDGP325 

3 3 0.5 3 1 2 3 1.5 2 

 

Books recommended: 

1. Active Tectonics. Studies in Geophysics. Nat. Acad. Press, Washington, DC, p136-147. 

2. Keller E., 1986. Investigation of active tectonics: use of surficial earth processes. In: 

Wallace, R. E. (Ed.). 

3. Lowrie, W., 2007. Fundamentals of Geophysics (Second Ed.). Cambridge University 

Press, 381p. 

4. Parasnis, D. S., 1975: Principles of Applied Geophysics. Chapman and Hall. 

5. Stanislave, M., 1984: Introduction to Applied Geophysics. Reidel Publ. 

 

 

 

 

MGLYDEG325: Environmental Geology 

                         Credits: 02; Total Contact Hrs. 30 

                Max. Marks: 50 

Course learning outcomes (CLOs): Upon completion, students will be able to. 

CLO_1 Explain Earth-system components, biogeochemical cycles, anthropogenic 

impacts, and pollution types to assess environmental equilibrium and progress toward 

sustainability goals. 

CLO_2 Evaluate waste-management and contaminant-containment strategies through 

geological, hydrogeological, and geochemical principles for safe site selection and 

mitigation. 

 

Unit-I 

Environmental Geology: Introduction to environmental geology, fundamental concepts of 

environmental geosciences. The Earth system and its components.  Biogeochemical cycles and 

their role in maintaining environmental equilibrium. Anthropogenic modification of geological 

processes. Overview of the SDGs and the role of environmental geology in achieving SDGs. 

Pollutants and contaminants: Greenhouse gases and their effects, Ozone depletion and acid 

rain, ocean acidification, and coral bleaching. Soil pollution: Sources and major contaminants. 

Water pollution: Major contaminants in surface and groundwater.  

 

Unit-II 

Wastes and the role of environmental geology: Overview of different types of wastes 

(municipal solid waste, industrial waste, radioactive waste, mining waste and agricultural 

waste). Geological criteria for landfill and repository site (Application to Municipal Solid 

Waste, Industrial, Radioactive, Mining, and Agricultural Wastes). Hydrogeological assessment 

for leachate and contaminant migration control. Geotechnical evaluation of dumping and 

storage sites. Multi-barrier approaches for radioactive waste isolation. Subsurface migration 

pathways and natural geologic barriers. Geochemical controls on Acid Mine Drainage (AMD) 

and leachate generation. Role of soil and subsoil properties in attenuation and retention.  

 
CLO-PLO Matrix for the Course MGLYDEG325: Environmental Geology 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 



MGLYDEG325.1 1 0 1 3 1 1 1 2 1 

MGLYDEG325.2 2 2 2 3 2 2 2 2 2 

Average for 

MGLYDEG325 

1.5 1 1.5 3 1.5 1.5 1.5 2 1.5 

 

 

Books Recommended: 

1. Bell, F. G., 1999: Geological Hazards-Routledge, London. 

2. Bryant, E., 1985: Natural Hazards-Cambridge University Press. 

3. Keller, E. A., 1978: Environmental Geology–Belland Howell, USA. 

4. Patwardhan, A. M., 1999: The Dynamic Earth System-Prentice Hall. 

5. Smith, K., 1992: Environmental Hazards-Routledge, London. 

6. Subramanian, V., 2001: Textbook in Environmental Science-Narosa International. 

7. Valdiya, K. S.,1987: Environmental Geology-Indian Context-Tata McGraw Hill. 

 

 

 

MGLYEMG325: Mathematical Geology 

                                       Credits: 02; Total Contact Hrs. 30 

                 Max. Marks: 50 

Course learning outcomes (CLOs): After completing this course, students will be able to: 

CLO_1 Apply statistical and probabilistic methods to analyse and interpret geological 

data using appropriate graphical, numerical, and hypothesis testing techniques. 

CLO_2 Understand and implement geostatistical tools, including variogram modelling 

and kriging, for spatial analysis and prediction in geoscientific studies. 

Unit-I 

Introduction to mathematical models in geology. Collection, tabulation and graphical 

presentation of geological data. Measures of central tendency and dispersion: mean, median, 

mode, variance and standard deviation. Shape parameters: skewness, kurtosis. Regression and 

correlation: linear and multiple regression, correlation coefficient. Basic concepts: sample 

space, events and probability rules. Probability of independent, dependent, mutually exclusive 

and inclusive events. Conditional probability and Bayes' theorem. Student’s T-test, Chi-Square 

test: Principles, calculation, interpretation in geological context. 

 

Unit-II 

Geostatistics: Introduction to variograms and the concept of spatial variability and spatial 

correlation in geological data. Variogram analysis and modelling: construction, fitting of 

models (spherical, exponential, Gaussian) and geological significance of parameters. Kriging 

techniques (ordinary, simple, indicator, BLUE): Principles, application for spatial estimation 

of geological variables and quantification of estimation uncertainty.  

 

CLO-PLO Matrix for the Course MGLYEMG325: Mathematical Geology 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYEMG325.1 2 3 0 2 1 2 3 1 2 

MGLYEMG325.2 3 3 1 3 1 1 1 3 2 

Average for 

MGLYEMG325 

2.5 3 0.5 2.5 1 1.5 2 2 2 



 

Books recommended: 

1. de Marsily, G., 1986: Quantitative Hydrogeology: Groundwater Hydrology for Engineers. 

Academic Press. 

2. Ferguson, J., 1989: Introduction of Linear Algebra in Geology.  

3. Goovaerts, P., 1997: Geostatistics for Natural Resources Evaluation. Oxford University 

Press. 

4. Isaaks, E. H. & Srivastava, R. M., 1989: An Introduction to Applied Geostatistics. Oxford 

University Press. 

5. Kapur, J. N., Mathematical Modelling.  

 

 

 

 

MGLYEOG325: Ore Geology 

                           Credits: 02; Total Contact Hrs. 30 

                Max. Marks: 50 

Course learning outcomes (CLOs):  

CLO_1 Understand the genetic processes, tectonic settings, and classification of 

ore deposits with emphasis on textures, associations, and major Indian occurrences. 

CLO_2 Analyze mineral economics, reserve types, and advanced tools such as 

geothermometry and fluid inclusions to interpret ore genesis and assess resource 

potential. 

Unit-I 

Modern concepts of ore genesis: Spatial and temporal distribution of ore deposits and a global 

perspective. Ore deposits and plate tectonics. Mode of occurrence of ore bodies -morphology 

and relationship of host rocks. Textures of ores and their genetic significance. Ores of 

sedimentary affiliation -Chemical and clastic sedimentation; stratiform and strata-bound ore 

deposits (Mn, Fe, non-ferrous ores), placers and paleo-placers. Ores of metamorphic 

affiliations-metamorphism of ores. Ores related to weathering and weathered surfaces: laterite, 

bauxite. Contemporary ore-forming systems, e.g., black smokers, mineralized crusts, and Mn 

nodules. VMS ore deposits: VHMS and SEDEX. Epithermal ore deposits. Major ore deposits 

of India.  

 

Unit-II 

Different types of ore reserves, mineral economics and its significance. National Mineral 

Policy. Geothermometry of ore deposits. Fluid inclusion in ores: Principles, assumptions, 

limitations and applications. Ores of mafic-ultramafic association: diamonds in Kimberlite; 

REE in carbonatites; Ti-V ores; Chromite and PGE; Ni ores; Cu, Pb-Zn. Ores of silicic igneous 

rocks, disseminated and stockwork deposits and porphyry associations. Mineralogy, genesis 

and important Indian distribution of ore minerals related to Mn, Au, Sn, W, and U.  
 

CLO-PLO Matrix for the Course MGLYEOG325: Ore Geology 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYEOG325.1 1 0 1 2 1 0 0 2 1 

MGLYEOG325.2 2 2 2 2 1 2 3 2 2 

Average for 

MGLYEOG325 

1.5 1 1.5 2 1 1 1.5 2 1.5 

 

Books Recommended: 



1. Barnes, H. L., 1979: Geochemistry of Hydrothermal Ore Deposits. John Wiley and 

Sons. 

2. Craig, J. R. and Vauhan, D. J., 1994: Ore Microscopy and Ore Petrography.  John Wiley 

and Sons. 

3. Evans, A. M., 2013: Ore Geology and Industrial Minerals. John Wiley and Sons, 400pp. 

4. Guilbert, J. M. and Jr Park, C. F. 2007: The Geology of Ore Deposits. Waveland Press, 

985pp. 

5. Klemm, D. D. and Schneider, H. J., 2012: Time and Strata Bound Ore Deposits. 

Springer Science & Business Media, 446pp. 

6. Lewis, R.S. & Clarke, G. B., 1964: Elements of Mining. John Wiley and Sons. 

7. McKinstry, H. E., 1962: Mining Geology.Asia Publishing House. 

8. Mookherjee, A., 1999: Ore genesis – A Holistic Approach. Allied Publishers, 657pp. 

9. Sawkins, F. J., 2013: Metal deposits in relation to plate tectonics. Springer Science & 

Business Media, 461pp. 

10. Stanton, R. L., 1972: Ore Petrology. McGraw-Hill, 713pp. 

11. Tarling, D. H., 1981: Economic Geology and Geotectonics. John Wiley and Sons. 
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Masters (PG) Degree Programme in Applied Geology 

4th Semester (Course work) 

 

MGLYCMG425: Mining Geology 

                  Credits: 04; Total Contact Hrs. 60 

               Max. Marks: 100 

Course learning outcomes (CLOs): Upon completion, the students will be able to: 

CLO_1 Classify mineral deposits based on genesis and morphology, and apply 

geochemical and geophysical methods for mineral exploration. 

CLO_2 Demonstrate knowledge of drilling techniques, logging methods, core handling, 

sampling strategies, and troubleshooting drilling issues. 

CLO_3 Understand mining methods, ventilation systems, and safety measures in both 

surface and underground mining environments. 

 

Unit-I 

Exploration Geology: Introduction to Mineral Resources, Classification of mineral deposits 

based on genesis and morphology. Concepts of Geochemical Prospecting: dispersion, 

pathfinder elements, geochemical sampling and geochemical field techniques. Geophysical 

methods: gravity, magnetic, electrical, radioactive, seismic and electromagnetic methods—

their principles and applications in mineral exploration.  

 

Unit-II 

Drilling Techniques: Percussion drilling, rotary drilling, diamond core drilling, reverse 

circulation (RC) drilling, blast hole drilling, and auger drilling. Geophysical logging (SP, 

resistivity, gamma). RQD and types of core barrels (single/double/triple tube), core orientation, 

handling and preservation. Methods of sampling: channel, bulk, grab, chip, car, core and 

sludge. Trenching and pitting method. Drilling Problems: Loss of core, stuck pipe, deviation, 

water ingress, borehole collapse and mitigation measures.  

 

Unit-III 

Application of rock mechanics in mining. Planning, exploration and exploratory mining of 

surface and underground mineral deposits.  Classification of mining methods.  Mining 

Methods: Placer mining methods, open pit methods, underground mining methods and Ocean 

bottom mining. Ventilation in underground mining: Purpose, types and arrangements of 

ventilation in underground mining. Mining hazards and safety measures. Mine inundation, fire 

and rock burst. 

 

Mining Geology Project/Lab 

          (Mini Project/Tutorial: 1 Credit) 

Students will choose a topic/problem from the course and prepare a mini-project under the 

supervision of the concerned faculty member or will do an internship with any institute that 

works on mining  

 
CLO-PLO Matrix for the Course MGLYCMG425: Mining Geology 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYCMG425.1 1 2 0 1 1 2 2 1 1 

MGLYCMG425.2 0 3 1 2 1 2 2 2 2 

MGLYCMG425.3 3 1 2 2 1 3 2 2 2 

Average for 

MGLYCMG425 

1.33 2 1 1.66 1 2.33 2 1.66 1.66 



Books recommended:  

1. Barnes, H. L., 1979: Geochemistry of Hydrothermal Ore Deposits. John Wiley and 

Sons, 798pp. 

2. Craig, J. R., and Vauhan, d. J., 1994: Ore Microscopy and Ore Petrography. John Wiley 

and Sons, 434 pp. 

3. Evans, A. M., 2013: Ore Geology and Industrial Minerals. John Wiley and Sons, 400pp. 

4. Klemmand, D. D. and Schneider, H. J., 2012: Time and Strata Bound Ore Deposits. 

Springer Science & Business Media, 446pp. 

5. Oobrin, M. B. and Savit, C. H., 1988: An introduction to Geophysical Prospecting by 

McGraw Hill, New Delhi. 

6. Stanton, R. L., 1972: Ore Petrology. McGraw-Hill, 713 pp. 

7. Telford W. M. Geldart L. P., Sheriff, R. E. and Keys D. A., 1976: Applied Geophysics. 

Oxford and IBH Publishing Co. Pvt., Ltd. New Delhi. Rao, R., Prasaranga, M. B., 1975: 

Outlines of Geophysical Prospecting - A manual for geologists. University of Mysore, 

Mysore.  

 

 

 

MGLYCEG425: Engineering Geology 

                            Credits: 06; Total Contact Hrs. 90 

               Max. Marks: 150 

Course learning outcomes (CLOs): Upon completion, the students will be able to: 

CLO_1 Explain the role of engineering geology in civil and mining projects and conduct 

geological site investigations for infrastructure development. 

CLO_2 Apply surveying methods and instruments for geological mapping, site analysis, 

and data collection. 

CLO_3 Classify rocks and soils based on their engineering properties and assess 

stability using standard rock mass classification systems. 

CLO_4 Evaluate geological and seismic factors in designing and constructing 

engineering structures and propose remedial measures for geo-hazards. 

 

Unit-I 

Principles of Engineering Geology: Role of engineering geology in civil construction and 

mining. Development of Engineering Geology. Stages of geological site investigations for the 

selection of a site for engineering structures. Important geo-engineering failures: Geological 

causes for mishaps and failures of engineering structures (e.g., Joshimath land subsidence). 

Surface and subsurface investigations for site selection 

  

Unit-II 

Fundamental concepts and methods in surveying in engineering geology: Reconnaissance 

survey, Offsetting, Radiation, triangulation; Open and closed traversing and levelling. 

Accuracy and errors in surveying. Basic elements of map preparation and reading techniques. 

Working principles and applications of different surveying instruments: Chain, Plane Table, 

Prismatic Compass, Dumpy level, Theodolite and Total Station. Concept of Global Positioning 

System (GPS) in geological investigations. Digital mapping and data collection tools. 

 

Unit-III 

Engineering properties and classification of rocks. Physical characteristics of building stones, 

concrete and other aggregates. Alkali aggregate reactions, artificial aggregate. Engineering 

properties of soil, Atterberg limits, cohesive and non-cohesive soils.  Quick clay, quicksand, 



thixotropy, soil liquefaction and creep Rock stability tests. RQD, Rock mass classification: 

Terzaghi’s rock mass classification, Coates Geomechanical classification (C-factor), Q-system 

and geochemical classification. Determination of RMR & SMR.  

 

Unit-IV 

Active faults and their features, earthquakes, and seismicity.  Geological investigations for the 

construction of buildings, dams, reservoirs, bridges, highways, tunnels and coastal protection 

structures. foundation problems in dam construction.  Tunnel alignment, excavation methods 

and tunnel support systems. Seismic design of buildings and infrastructure. Seismic zones of 

India. Case history of engineering projects and geological causes for failures, remedial and 

preventive measures (e.g., grouting, rock bolting, drainage techniques). Structural and non-

structural slope stability measures.  

 

Engineering Geology Lab/Mini Project 

   (Practical/Tutorial: 2 Credits) 

● Study of properties of common rocks with reference to their utility in engineering 

projects.  

● Study of maps and models of important engineering structures and dam sites and 

tunnels.  

● Interpretation of geological maps for landslide problems.  

● Total station survey of a piece of land by means of common methods of surveying using 

the suitable survey instruments.  

● Fieldwork for assessing different types of slope instability types in J&K (e.g., Mughal 

Road-Hirpora to Pir Ki Gali).  

● Observation of landslide features in the field and collection of landslide and slope 

failure data for potential slope instability.  

● Determination of failure plane using Romana classification and plotting of rock 

discontinuities on stereo-net for kinematic analysis of structural discontinuities for 

slope failure.  
 

CLO-PLO Matrix for the Course MGLYCEG425: Engineering Geology 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYCEG425.1 2 2 2 3 2 3 2 3 2 

MGLYCEG425.2 2 2 2 2 2 2 3 2 3 

MGLYCEG425.3 3 3 3 3 2 2 2 2 2 

MGLYCEG425.4 3 3 3 3 2 2 2 2 2 

Average for 

MGLYCMG225 

2.5 2.5 2.5 2.7 2 2.2 2.2 2.2 2.2 

 

Books recommended:  

1. Arms, K., 1990: Environmental Science. Saunders College Pub.  

2. Bell, F. G., 1999: Geological Hazards their assessment, Avoidance & Mitigation. E&FN 

S. London.  

3. Bell, F. G., 1999: Geological Hazards. Routledge, London. 

4. Bell, F. G., Engineering Properties of Soils and Rocks.  

5. Bieniawski, Z.T. 1989: Engineering rock mass classifications. New York Wiley.   

6. Bryant, E., 1985: Natural Hazards. Cambridge University Press.   

7. Goodman, R. E., Engineering Geology.  

8. Keller, E. A., 1978: Environmental Geology. Bell and Howell, USA.   

9. Krynine, D. H. and Judd, W.R., 1998: Principles of Engineering Geology. CBS Pub. 



10. Masroor, A. M., 2012: Fundamentals of Engineering Geology and Geoengineering. 

Agrawal Publications.  

11. Singh, B and Goel, R. K., 2011: Engineering Rock Mass Classification: Tunnelling, 

Foundations, and Landslides-Elsevier. 

 

 

MGLYCPW425: Project Work-II 

        Credits: 06; Total Contact Hrs. 90 

  Max. Marks: 150 

Course learning outcomes (CLOs):  

CLO_1 The project work is a continuation of the research synopsis prepared by the 

student in the third semester and is discipline-specific. Each student shall undertake the 

project under the supervision of their assigned mentor. The final dissertation must be as 

per DRC approved format. The evaluation of the project will be carried out by one 

internal and one external examiner or as per the prevailing university guidelines. The 

assessment will be followed by a presentation of the work and a viva-voce examination. 

The experts will assess the objectives, methodology, novelty, conclusions, societal 

importance etc. of the report. 

 

 

 

MGLYDSB425: Sequence Stratigraphy & Basin Analysis 

                          Credits: 02; Total Contact Hrs. 30 

                Max. Marks: 50 

Course learning outcomes (CLOs): Upon completion, the students will be able to: 

CLO_1 Apply key concepts of sequence stratigraphy to interpret base-level changes, 

depositional sequences, and systems tracts relevant to hydrocarbon exploration. 

CLO_2 Classify sedimentary basins based on tectonic settings and analyze 

sedimentation patterns in major Indian basins. 

 

Unit-I 

Sequence stratigraphy. Definitions and key concepts. Base-level changes and cyclicity, 

Transgressions and regressions. Stratigraphic surfaces: stratal terminations, sequence 

stratigraphic surfaces. Unconformity and correlative conformity, Ravinement surface, initial 

and maximum flooding surface.  Systems Tracts: Lowstand, Transgressive, Highstand, Falling 

stage etc. Depositional sequence (Type I, II), transgressive-regressive sequence. Hierarchical 

organization of sequences and their bounding surfaces, scale of stratigraphic packaging from 

parasequences to composite sequences.  Application of sequence stratigraphy in hydrocarbon 

exploration. Applications of biostratigraphic markers in sequence delineation. 

 

Unit-II 

Evaluation of sedimentary basins. Classification of sedimentary basins based on tectonic 

regime - cratonic, rift, foreland, passive margin and strike-slip basins. Tectonic controls on 

sedimentation and basin evolution. Patterns of sedimentation across different tectonic settings. 

Sedimentation pattern and depositional environment of selected sedimentary basins of India: 

Cuddapa, Vindhyan, Gondwana, Triassic of Spiti and Jurassic of Kutch. Siwalik and Karewa 

sedimentation basins.  

 
CLO-PLO Matrix for the Course 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 



MGLYDSB425.1 3 3 2 3 1 3 2 2 3 

MGLYDSB425.2 2 3 1 3 1 3 2 2 3 

Average for 

MGLYDSB425 1.5 3 1.5 3 1 3 2 2 3 

 

Books Recommended: 

1. Allen, J. R. L., 1985: Principles of Physical Sedimentation-George Allen & Unwin. 

2. Allen, P. A.  and Allen, J. R.,1990: Basin Analysis: Principles and Applications: 

Blackwell Publishing. 

3. Bhattacharya, A. and Chakraborti, C., 2000: Analysis of Sedimentary Successions-

Oxford-IBH. 

4. Boggs Sam Jr., 1995: Principles of Sedimentary and Stratigraphy-Prentice Hall. 

5. Davis, R. A. Jr., 1992: Depositional System-Prentice Hall. 

6. Einsele, G., 1992: Sedimentary Basins-Springer Verlag. 

7. Emery, D. and Mayers, K. 1996: Sequence Stratigraphy: Blackwell Publishers. 

8. Miall, A. D., 2000: Principles of Sedimentary Basin Analysis-Springer Verlag. 

9. Nichols, G., 1999: Sedimentology and Stratigraphy. Blackwell. 

10. Octavian Cateneauau, 2006: Principles of Sequence Stratigraphy. Elsevier. 

11. Pettijohn, F. J., Potter, P.E. and Siever, R., 1990: Sand and Sandstone-Springer Verlag. 

12. Reading, H. G., 1996: Sedimentary Environment-Blackwell. 

13. Reineck, H. E. and Singh, I. B., 1980: Depositional Sedimentary Environments-

Springer Verlag. 

 

 

 

MGLYDQG425: Quaternary Geology  

                                           Credits: 02; Total Contact Hrs. 30 

                Max. Marks: 50 

Course learning outcomes (CLOs): Upon completion, the students will be able to: 

CLO_1 Analyze past climate variations using proxy indicators and understand tectonic, 

glacial, and geomorphic responses during the Quaternary. 

CLO_2 Apply Quaternary stratigraphic tools and dating methods to interpret 

depositional records, with focus on Kashmir's Quaternary deposits. 

 

Unit- I 

Paleoclimatology, Paleoclimatic Reconstruction. Proxy indicators of 

paleoenvironmental/paleoclimatic changes. Introduction to the Quaternary Period and its 

characteristics. Reconstructing the climates of the Quaternary. Glaciation during times of 

enhanced/reduced atmospheric carbon dioxide. Glaciotectonic: Glaciotectonic structures, 

landforms and processes. Plate tectonics and climate change. Responses of geomorphic 

systems, sea level and tectonics during the Quaternary.  

 

Unit-II 

Quaternary Stratigraphy-Oxygen Isotope stratigraphy, biostratigraphy and 

magnetostratigraphy. Application of pollens, phytoliths, magnetic susceptibility and loess-

paleosols in Quaternary Stratigraphy. Quaternary deposits of Kashmir. Quaternary dating 

methods: Radiocarbon, Cosmogenic Radionuclide and Luminescence dating methods. Dating 

using annually banded records. Relative dating methods. 

 
CLO-PLO Matrix for the Course MGLYDQG425: Quaternary Geology  



UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYDQG425.1 3 3 2 3 1 3 3 3 3 

MGLYDQG425.2 3 3 3 3 3 3 2 3 3 

Average for 

MGLYDQG425 3 3 2.5 3 2 3 2.5 3 3 

 

Books Recommended: 

1. Bigg, G., 1999: Ocean and Climate. Springer- Verlag. 

2. Bradley, F., 2000: Paleoclimatology: Reconstructing Climates of the Quaternary. 

Springer- Verlag. 

3. Dudeja D., 2011: Glaciostatic Pressure/Stress. In: Singh V.P., Singh P., Haritashya U.K. 

(eds) Encyclopedia of Snow, Ice and Glaciers. Encyclopedia of Earth Sciences Series. 

Springer, Dordrecht 

4. Maher and Thompson, 2000: Quaternary Climates, Environments and Magnetism. 

Cambridge University Press. 

5. Williams, Durnkerley, Decker, Kershaw and Chhappell, 1998: Quaternary 

Environments. Wiley and Sons. 

 

 

MGLYSAH425: Advanced Hydrology 

                                            Credits: 02; Total Contact Hrs. 30 

                Max. Marks: 50 

Course learning outcomes (CLOs): Upon completion, the students will be able to: 

CLO_1 Apply watershed and hydrograph modeling techniques, including solute 

transport and AI applications, to analyze runoff and groundwater systems. 

CLO_2 Utilize environmental isotopes for hydrological investigations, paleoclimate 

reconstructions, and tracing water sources and processes. 

 

Unit-I 

Runoff Generation Mechanisms and River Flow Routing. Hydrograph Analysis. Watershed 

Modelling: Concepts, objectives and classifications (deterministic, stochastic, lumped, 

distributed), Overview of Models: SWAT, SPHY, HEC-RAS: inputs and applications, 

MODFLOW and its application in groundwater flow simulation, Solute Transport Modelling: 

Advection-dispersion processes, contaminant fate and transport. Machine learning and AI in 

hydrology 

 

Unit-II 

Environmental isotopes in hydrology: concept and applications. Stable isotopes: Oxygen, 

Hydrogen, Carbon, Sulphur, Nitrogen, Chloride, Bromide, Lithium, Boron and Strontium 

isotopes. Radioisotopes: Tritium, Carbon-14, Chlorine-36, Argon-39 and krypton. Isotope 

fractionation: Equilibrium and kinetic fractionation; isotope fractionation, enrichment and 

separation; Partitioning of isotopes through the hydrological cycle, Deuterium excess in 

meteoric waters; Precipitation and meteoric water line; Rainout and Rayleigh distillation; 

Temperature and altitude affects; Stable isotopes as proxies of paleoclimate vis-à-vis ice cores, 

lake cores, Speleothems and tree rings.  

 
CLO-PLO Matrix for the Course MGLYSAH425: Advanced Hydrology 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYSAH425.1 2 3 2 2 2 3 3 2 2 

MGLYSAH425.2 2 3 2 2 2 2 2 2 2 



Average for 

MGLYSAH425 2 3 2 2 2 2.5 2.5 2 2 

 

Books recommended: 

1. Anderson, M. P., Woessner, W. W. and Hunt, R. J., 2015: Applied Groundwater 

Modeling: Simulation of Flow and Advective Transport. 2nd ed. San Diego: Academic 

Press. 

2. Chow, V. T., 1988: Advances in Hydrosciences, McGraw Hill. 

3. Chow, V. T., Maidment, D.R. and Mays, L.W., 1988: Applied Hydrology. New York: 

McGraw-Hill. 

4.  Clark, I. D., Peter F., 1997: Environmental Isotopes in Hydrogeology CRC Press. 

5. David, J., 2011: Climate change and Climate modelling”, Cambridge University Press 

6. Gat, J., 2010. Isotope hydrology: a study of the water cycle (Vol. 6). World scientific. 

7. HEC-RAS River Analysis System-Reference Manual 2010 

8. Hydrologic Modelling System HEC-HMS-Reference Manual 2010 

9. Shelton, M. L., 2009: Hydroclimatology, Cambridge University Press.  

10. Singh, V. P. and Rakhecha, P., 2009: Applied Hydrometeorology. 

11. Subramanya, K., 2017: Engineering Hydrology. 5th ed. New Delhi: McGraw Hill 

Education. 

 

 

MGLYSRS425: Rock Deformation & Structural Analysis 

                                            Credits: 02; Total Contact Hrs. 30 

                Max. Marks: 50 

Course learning outcomes (CLOs): Upon completion, the students will be able to: 

CLO_1 Analyze stress-strain relationships and structural features such as folds, faults, 

and ductile shear zones in various tectonic settings. 

CLO_2 Apply fracture mechanics and fabric analysis using stereographic projections 

and tectonite classification to interpret deformation patterns in rocks. 

 

Unit- I 

Stress and strain relationship in rocks, principles and methods of stress and strain analysis, and 

its application in deformed rocks. Classification and characteristic structure and textures of 

different types of faulted and folded rocks. Ductile shear zones: types, criteria for sense of 

shear, and mechanism of development. Geometry and mechanism of development of different 

types of fault-related folds and other structures in different tectonic regimes. 

 

Unit-II 

Mechanics of rock fracturing: fracture initiation and propagation. Tectonites and their 

significance. Descriptive and geometric analysis of Tectonites. Stereographic and equal area 

projections for presenting different types of fabrics, and π and β diagrams. 

 
CLO-PLO Matrix for the Course MGLYSRS425: Rock Deformation & Structural Analysis 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYSRS425.1 3 3 2 3 2 3 2 3 3 

MGLYSRS425.2 3 3 2 2 3 3 2 3 3 

Average for 

MGLYSRS425 3 3 2 2.5 2.5 3 2 3 3 

 

https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Ian+D.+Clark%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Peter+Fritz%22


Books recommended: 

1. Davis, G. R., 1984: Structural Geology of Rocks and Region. John Wiley. 

2. Ghosh. S. K., 1995: Structural Geology Fundamentals of Modem Developments. 

Pergamon Press. 

3. Hobbs, B. E., Means, W. D. and Williams, P. F., 1976: An Outline of Structural Geology. 

John Wiley. 

4. Lisle, R. J., 1988: Geological Strain Analysis. Pergamon. 

5. Price, N. J. and Cosgrove, J. W., 1990: Analysis of Geological Structure. Cambridge 

Univ. Press. 

6. Ramsay, J. G. and Huber, M. I., 1987: Modem Structural Geology, Vol. 1&/1. Academic 

Press. 

7. Ramsay, J. G., 1967: Folding and fracturing of Rocks. McGraw Hill. 

8. Turner, F. J. and Weiss, L. E., 1963: Structural Analysis of Metamorphic Tectonites. 

McGraw Hill. 

 

 

 

 

 

MGLYEAG425: AI in Geosciences 

                                           Credits: 02; Total Contact Hrs. 30 

                Max. Marks: 50 

Course learning outcomes (CLOs): Upon completion of this course, students will be able to: 

CLO_1 Understand core principles of data analytics, logic, and machine learning, and 

apply basic programming and statistical methods in geological data analysis. 

CLO_2 Explore applications of AI across geosciences, including cryosphere studies, 

hydrology, mineral exploration, paleoclimate, and hazard forecasting. 

 

Unit-I 

Introduction to data analytics and AI: Understanding human and machine intelligence; the 

history and philosophy behind AI. Types of data (qualitative, quantitative, categorical, 

continuous) and their importance in scientific investigations. Concepts of algorithms. 

Foundations of logical thinking: deduction, induction, and abduction. Univariate, bivariate and 

EDA statistical concepts and plots. Pattern recognition and classification in earth science data. 

Importance of uncertainty in AI. Visual reasoning in geology and AI. Introduction to basic 

programming (Python). Overview of machine learning and deep learning. Model training and 

validation. 

Unit-II 

Application of AI in Geosciences: cryosphere, hydrology, mineral exploration, paleoclimate 

reconstruction, meteorology, natural hazards and forecasting, petrology, geochemistry, 

environmental geology and engineering geology. 

CLO-PLO Matrix for the Course MGLYEAG425: AI in Geosciences 

UNIT WISE CLOs PLO1 PLO2 PLO3 PLO4 PLO5 PLO6 PLO7 PLO8 PLO9 

MGLYEAG425.1 3 3 2 3 2 3 3 2 3 

MGLYEAG425.2 3 3 2 2 3 2 2 3 3 

Average for 

MGLYEAG425 3 3 2 2.5 2.5 2.5 2.5 2.5 3 

 



Books Recommended: 

1. Ahmadi, M., 2024: Artificial Intelligence for a More Sustainable Oil and Gas Industry 

and the Energy Transition: Case Studies and Code Examples. Academic Press. 

ISBN 9780443240102 

2. Aurélien Géron, 2019: Hands-On Machine Learning with Scikit-Learn, Keras and 

Tensor Flow. O’Reilly Media. 

3. Bishop, C. M., 2006: Pattern Recognition and Machine Learning. Springer. (Widely 

adopted for statistical learning and pattern recognition.) 

4. Chang, F. J., Chang, L. C., & Chen, J. F. (Eds.). 2023: Artificial Intelligence 

Techniques in Hydrology and Water Resources Management. Wiley 

5. Christopher M. Bishop, 2006: Pattern Recognition and Machine Learning.  Springer. 

6. Gareth James, Daniela Witten, Trevor Hastie, and Robert Tibshirani, 2013: An 

Introduction to Statistical Learning with Applications. Springer. 

7. Hyun-Myung Kim, Sangram Ganguly, and Sudip Doshi, 2023: Machine Learning for 

Earth Sciences: Data Analysis and Discovery Wiley-AGU. 

8. Ian Goodfellow, Yoshua Bengio, and Aaron Courville, 2016: Deep Learning. MIT 

Press. 

9. John A. Richards, 5th Edition, 2013: Remote Sensing Digital Image Analysis: An 

Introduction Springer. 

10. Moseley, B. & Krischer, L. (Eds.), 2020: Machine Learning and Artificial Intelligence 

in Geosciences (Vol. 61). Academic Press 

11. Robin Lovelace, Jakub Nowosad, and Jannes Muenchow, 2019: Geocomputation with 

R. CRC Press. 

12. Russell, S. & Norvig, P., 2022: Artificial Intelligence: A Modern Approach (4th 

Edition). Pearson. (Definitive reference for AI foundations, algorithms, and 

applications.) 

13. Sebastian Raschka and Vahid Mirjalili, 3rd Edition, 2019: Python Machine Learning 

Packt Publishing. 

14. Steven L. Brunton, Jann Paul Mattern, et al., 2023: Artificial Intelligence in Earth 

Science: Best Practices and Fundamental Challenges. Springer. 

15. Sujit K. Sahu, 2022: GIS and Machine Learning for Small Area Estimation. Chapman 

and Hall/CRC. 

 
-----------x------------- 

 

 

 

 

 

 

 

 

 

 



Masters (PG) Degree Programme in Applied Geology 

 (CW+R) 
 

The syllabus for the CW+R scheme is as follows:  

In this scheme, the syllabus for the 1st, 2nd and 3rd semester will remain same as that of the 

CW+CW scheme. In the fourth semester, however, instead of course work the students must 

undertake a Dissertation (DI), which carries 20 credits, focusing entirely on independent 

research work. 

 

4th Semester 

MGLYPDI425: Dissertation 

                                           Credits: 20; Total Contact Hrs. 300 

               Max. Marks: 500 

Dissertation (DI): Students shall have to opt for a research project worth 20 credits. The topic 

of the dissertation work will be decided mutually by the student and the concerned supervisor. 

The dissertation will be evaluated on the basis of quality (content, methodology, results and 

conclusions), novelty, scientific contribution and socio-economic importance of the work, by 

the duly constituted committee, followed by presentation and viva voce.  
 


