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PROGRAMME OVERVIEW

Geology is the study of our planet Earth. In the PhD programme, the student will get an overview of
the various components of the Earth and the processes thereof. The core areas of the research include
Quaternary paleoclimate, Paleoceanography, Marine Bio-geochemistry, Paleolimnology, Marine
Micropaleontology, Tropical soil pedogenesis, Landslide susceptibility analysis, Petrology, Ore
Geology, Structural Geology and Tectonics.Depending upon the research problem chosen, the PhD
programme will focus upon the reconstruction of past climate using the lake and marine sediments,
understand the pedogenesis in tropical climate, map the landslide susceptibility regions using
Geographic Information Systems, decipher the genesis of rocks and ore deposits, reconstruct the
paleotectonic environments of the rock and ore formation, build the crustal growth models, Tectonic
evolution of various crustal blocks and Kinematics of various shear zones. The various laboratories in
the department like Sedimentology lab, Micropaleontology lab, Geochemistry lab, Petrology lab,
Structural Geology lab and Ore Geology lab will be used for various analytical works along with the

instrumentation of other departments of CUK and external institutes.

PROGRAMME OUTCOMES

The students after completing the PhD Programme shall be able to:

1. Reconstruct the past climate and rainfall of a region using the lake and marine sediments.

2. Analyse soils for understanding the soil components, processes, formation and pollution
aspects.

3. Decipher causative and triggering factors of landslides in a region.

4. Reconstruct the past ocean conditions viz. changes in circulation, water column structure and

productivity.

Understand the genetic aspects of various litho units and ore deposits

Reconstruct the paleotectonic environment and build the crustal growth models

Perform various structural analysis
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Identify the tectonic episodes of terrain
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PROGRAMME SPECIFIC OUTCOMES

At the end of the programme, students will be able to:

o g~ w

9.

Understand the application of various proxies and archives in paleoclimate reconstruction
Analysis of proxy data from the lake and marine sediments for the reconstruction of the past
climate.

Comprehend various soil processes and model tropical soil pedogenesis.

Prepare landslide susceptibility maps in a region using different GIS techniques.

Understand the distribution of marine sediments and their various biogenic components
Understand the causes and mechanisms of past fluctuations and anticipate future changes by
analysing climate model simulations.

Demonstrating the usage of chemical and isotope variations within accessory minerals of
various rock units in investigating the petrogenesis, magma chamber processes and
emplacement mechanisms of magmas

Documentation of causative factors for the chemical and isotope concentration variability
within the mineral crystals and their impact on controlling the chemical budget of the rocks.

Develop accessory mineral-based proxies to reconstruct the paleotectonic environments.

10. Perform the structural investigations of shear zones.

11. Tectonics analysis of various igneous bodies.
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Ph.D. Course work syllabus structure

Sl. Course | Course Name Credits | Marks structure Total
No. CA* ESA Marks
1. Course 1 | EGE 7101: Research Methodology 4 40 60 100
2. Course 2 | EGE 7201: Research and 2

Publication Ethics
3. Course 3 | Special Course related to the 4 40 60 100

core area of research

EGE 7001: Environmental
Magnetism and its applications
EGE 7002: Marine
Micropaleontology

EGE 7003: Petrography and
Petrogenesis

EGE 7004: Quaternary
Palaeoclimate

EGE 7005: Ore Petrography and
Genesis

EGE 7006: Geospatial Technology

EGE 7007: Structural Geology and

Tectonics
4a |Course4 | EGE 7102: Course on the 6 -- 100 100
specific research proposal
including a  review of Review of literature
literature (report)= 40
Exam =60
Rock magnetic characterization
of soils
Lake sediments as a
palaeoclimatic archive
Lake and Marine sediment
records of Palaeomonsoon
Landslide susceptibility
analysis and mapping
4.b. | Course4 | EGE 7102: Course on the 6 -- 100 100
specific research proposal
including a review of Review of the
literature literature (report) =
40
Holocene Paleoceanography of Exam =60

s{fa=tT fasRT Department of Geology, ST SOTTeT &<t / School of Earth Science Systems , %@ Fxi9 fesafa=ma / Central University of Kerala,
Kasaragod — 671 320, %< | Kerala, 9T / India, 999T3e / Website:- cukerala.ac.in



DEPARTMENT OF GEOLOGY

SCHOOL OF EARTH SCIENCE SYSTEMS
CENTRAL UNIVERSITY OF KERALA

Ph.D course work syllabus 2021

the Bay of Bengal

4.c. | Course4 | EGE 7102: Course on the 6 -- 100 100
specific research proposal
including a review of Review of the
literature literature (report) =
40
Geochemical and Exam =60
Environmental magnetic

proxies for Late Quaternary
Paleoceanography

4d. |Course4 | EGE 7102: Course on the 6 -- 100 100
specific research proposal
including a  review of Review of the
literature literature (report) =
40
Microtectonics Exam = 60

* CA: 1. Written Assignment (Max. marks 10), 2. Presentation (Max. marks 10), 3. Internal test
(Max. marks 20)
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Course | -EGE 7101 Research Methodology — Credit Value: 4

Course Description

The course introduced research methods as applied to Earth sciences. It includes concepts, types and
approaches to research. It includes the formulation of the research problem, identifying research
gaps, various methods of data collection, methods of scientific writing and report preparation and
ethics of research.
Course Outcome

By the end of the course, students are expected to be able to:

e Understand the types and processes of research.
e Formulate research problem and hypothesis.
e Perform literature review using print and online databases.

e Use software and statistical methods for data analysis.

e Explain the rationale for research ethics.

e Write geoscientific reports and papers.

e Use the research data for oral and poster presentations.
Course Structure

Unit | — Fundamentals of Research

Concept and definition of Research. Objectives and Motivation in Research. Types of Research.
Types of Research: Descriptive vs. Analytical, Applied vs. Fundamental, Quantitative vs. Qualitative,
Conceptual vs. Empirical. Approaches to research. Significance of research. Research Methods vs.
Methodology. Research and Scientific Method. Research Process.

Unit-11- Research Formulation and Design

Defining and formulating the research problem. Selecting the problem. Necessity and techniques of
defining the problem. Importance of literature review in defining a problem — Literature review-
review of previous research findings. Summarising new and developing knowledge. Emphasizing
leading research studies, Identifying gap areas in previous research. Formulate hypothesis.

Unit-111- Research design and methods

Important concepts relating to research design. Different research designs. Basic principles of
experimental designs: variables, correlation and causality, sampling, control groups, experimental
bias, measurement error, note keeping. Developing a research plan.

Observation and Facts. Hypothesis, Laws and Theories. Empiricism, Induction, Deduction,
Positivism, Falsification. Development of Models.
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Unit-1V Data collection and Analysis

Observation, measurement and collection of data. Uncertainty in measurements: accuracy and
precision. Primary and secondary data. Methods of data collection and sampling methods in Geology.
Data processing and analysis. Basic statistical methods and use of statistical softwares in Geology.
Computer Applications in geology.

Unit-V Interpretation and report writing

Data representation using graphical methods. Data interpretation. Methods of scientific writing and
research paper. Geoscientific writing. Types of report. Layout and components of research paper.
Oral and poster presentation. Impact Factor and citation index.

Unit-VI Research Ethics

Ethical issues. Sharing of data- transparency and honesty. Copy right, royalty, Intellectual property
rights and patent law. Reproduction of published material, Data manipulation, Plagiarism, Citation,
authorship and acknowledgement. Reproducibility and accountability.

REFERENCES

1. Garg, B.L., Karadia, R., Agarwal, F. and Agarwal, U.K., 2002. An introduction to Research
Methodology, RBSA Publishers.

2. Kothari, C.R., 1990. Research Methodology: Methods and Techniques. New Age International.
418p.

3. Sinha, S.C. and Dhiman, A.K., 2002. Research Methodology, Ess Ess Publications. 2 volumes.

4. Trochim, W.M.K., 2005. Research Methods: the concise knowledge base, Atomic Dog
Publishing. 270p.

5. Wadehra, B.L. 2000. Law relating to patents, trade marks,

6. Oliver Paul (2012) Succeeding with Your Literature Review: A Handbook for Students (Open Up
Study Skills) 1st Edition, Open University Press, 160p.

7. Jeffrey A Lee (2010)The Scientific Endeavour- Methodology and Perspectives in Sciences.
Pearson Education Inc.
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Course Il — EGE 7201: Research and Publication Ethics — Credit Value: 2

Course Description

Research ethics course concentrates on philosophy of science, ethics required for research integrity and
publication. It also consists of training to point out misconduct in research and to identify predatory
publications. The course also delves into topics of indexing/citation databases, open access publications,
research metrics (citations, h-index, impact factor, etc.) and tools used to find out plagiarism.

Course Obijectives:

(i) The course aims to create awareness about the misconducts in research and publication, ethical
standards to be followed by researchers for research integrity.

(if) And to impart knowledge on indexing, research metrics and plagiarism.
Course Outcome
Upon the completion of the course, students are expected to gain the following outcomes:

1. Mastery in: (i) research ethics and philosophy (ii) ethical conduct and scientific temper (iii) misconducts in
publication of scientific work and ethical standards to follow (iv) tools used by researchers, databases
available and various types of research metrics.

2. Development of necessary skills in: (v) the identification of research misconduct and predatory publications
3. Proficiency gain in: (vi) research ethics and standards to follow for fruitful scientific investigation

Course Structure

The syllabus of the course is given in detail below:

Unit 01: PHILOSOPHY AND ETHICS (3 hrs.)

Introduction to philosophy: definition, nature and scope, concept, branches. Ethics: definition, moral
philosophy, nature of moral judgements and reactions.

Unit 02: SCIENTIFIC CONDUCT (5 hrs.)

Ethics with respect to science and research. Intellectual honesty and research integrity Scientific misconducts:
Falsification, Fabrication, and Plagiarism (FFP). Redundant publications: duplicate and overlapping
publications, salami slicing. Selective reporting and misrepresentation of data.

Unit 03: PUBLICATION ETHICS (7 hrs.)

Publication ethics: definition, introduction and importance. Best practices/ standards setting initiatives and
guidelines: COPE, WAME, etc. Conflicts of interest. Publication misconduct: definition, concept, problems
that lead to unethical behaviour and vice versa, types. Violation of publication ethics, authorship and
contributor ship. Identification of publication misconduct, complaints and appeals. Predatory publishers and
journals
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Unit 04: OPEN ACCESS PUBLISHING (4 hrs.)

Open access publications and initiatives. SHERPA/ROMEO online resource to check publisher copyright and
self-archiving policies. Software tool to identify predatory publications developed by SPPU. Journal finder
/journal suggestion tools viz. JANE, Elsevier Journal finder, Springer Journal suggested., etc

Unit 05: PUBLICATION MISCONDUCT (4 hrs)
A. Group Discussions (2 hrs.)

Subject specific ethical issues, FFP, authorship, Conflicts of interest, Complaints and appeals: examples and
fraud from India and abroad

B. Software Tools (2 hrs)

Use of plagiarism software like Turnitin,Urkund and other open source software tools
Unit 06 : DATABASES AND RESEARCH METRICS (7 hrs )

A. Databases (4 hrs.)

Indexing databases, Citation databases: Web of Science, Scopus, etc

B. Research Metrics (3 hrs)

Impact Factor of journal Citation report, SNIP, SJR, IPP, Cite Score. Metrics: h-index, g index, i10 index,
altmetrics.

Testing & Evaluation

e Seminar

e Assignment

e Written Exam
References

1. Bird, A (2006), Philosophy of Science .Routledge

2. Maclntyre,Alasdair (1967) A short History of Ethics . London

3. P.Chaddah, (2018) Ethics in Competitive Research : Do not get scooped : do not get plagiarized.
ISBN : 978-9387480865 National Academy of Sciences, National Academy of Engineering and
Institute of

4. Medicine (2009)On Being a Scientist A Guide to Responsible Conduct in Research
Third Edition National Academies Press.

5. Resnik, D B (2011) What is ethics in research & why is it important National Institute of
Environmental Health Sciences,1-10.Reteieved from
https://www.niehs.nih.gov/research/resources/bioethics/whatis/index.cfm

6. Bealll,J (2012).Predatory publishers are corrupting open access Nature, 489(7415),179-179

https://doi.org/10.1038/489179a
7. Indian National Science Academy (INSA), Ethics in Science Education,Research and Governance
(2019),ISBN:978-81-939482-1-7, https://www.insaindia.res.in/pdf/Ethics _Book.pdf
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Course 111 -GEO 7001 Special Course related to the core area of research- Environmental

Magnetism and its Applications (Credit Value: 4)

Course Description

The course focuses on the basic principles of environmental magnetism, magnetic minerals and
magnetic properties of natural materials. It also involves an introduction to various environmental
magnetic parameters, its measurement, instrumentation techniques, interpretation and applications in
various fields.

Course Outcome

By the end of the course, students are expected to be able to:

e Understand the key characteristics of magnetic properties of soils and sediments.
e Appreciate various magnetic minerals in the environment.
e Ability to carry out sample preparation for environmental magnetic analysis.

e Comprehend various environmental magnetic parameters and its uses.
e Measure various environmental magnetic parameters on soils and sediments.
e Interpret the environmental magnetic data

Course Structure

Unit I: Magnetic properties of natural materials

Basics of Magnetism. Types of magnetic behaviour: diamagnetism, paramagnetism, ferromagnetism,
Magnetic hysteresis, Anhysteretic magnetisation. Magnetic Domains.

Unit- 11: Magnetic Minerals in the Environment

Sources and cycles of magnetic minerals in the environment. Iron and Titanium oxides in igneous,
sedimentary and metamorphic rocks. Magnetic minerals in soils. Eh-pH stability fields of iron
oxides.

Unit- I11: Sample collection and preparation for mineral magnetic analyses
Collection and storage of samples. Sample preparation. Environmental Magnetic parameters and its
measurements. Sequence of magnetic measurements.

Unit- 1V: Magnetic susceptibility measurements

Magnetic susceptibility: Measurement and instrumentation. Mass-specific and Frequency dependent
susceptibility. Interpretation of magnetic susceptibility in terms of magnetic mineral concentration,
composition and grain size.

Unit- V: Remanence Measurements
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Remanence: Measurement and instrumentation. Anhysteretic Remanent Magnetisation and
Isothermal Remanent Magnetisation (IRM). Interpretation of ARM and IRM data.

Unit- VI: Applications of Environmental Magnetism
Palaeoclimatic reconstruction using Lake and Marine Sediments. Soil Magnetism and its
applications. Magnetic monitoring of Pollution. Applications in archeological studies.

REFERENCES:

1. Walden, J., Oldfield, F., Smith, J. (1999). Environmental Magnetism: A Practical Guide. Technical
Guide No. 6. Quaternary Research Association, London.

2. Dekkers, M.J. (1997). Environmental Magnetism: an introduction. Geologie en Mijnbouw, v. 76,

pp. 163-182.

3. Evans, M.E. and Heller, F. (2003). Environmental magnetism. Principles and applications of
enviromagnetics. San Diego, USA: Academic Press, 299 p.

4. Thompson, R. and Oldfield, F. (1986). Environmental Magnetism. Allen & Unwin, London, 227p.

5. Maher, B.A. (2009). Rain and dust: Magnetic records of climate and pollution. Elements, v. 5, pp.
229-234.
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Course 111 =Special Course related to the core area of research
EGE 7002: Marine Micropaleontology (Credit Value: 4)

Course Description

The course focuses on the basic techniques in sample processing, analyses and quantification of
marine microfossils and their interpretation, applications in paleoclimate and paleoceanography.

Course Outcome

By the end of the course, students are expected to be able to:

e Understand the key characteristics of marine microfossils, their identification and
interpretation.

e Appreciate various groups of microfossils and their distribution.
e Ability to carry out sample preparation for marine sediments sampling and analyses.

e Comprehend various applications of foraminifera and pteropods.

e Interpret the marine microfossil abundances and distribution

Unit I:

Micropaleontology: scope and subdivisions. Relationship of Micropaleontology with Ocean Science.
Surface and Subsurface sampling methods, including deep-sea drilling. Introduction to important
Deep-Sea Drilling Vessels like Sagar Kanya, GLOMAR Challenger, JOIDES Resolution and
Chikyu. Sampling Modern Ocean Biogenic Flux including Sediment Trap sampling. Sample
processing techniques. Equipment’s for micropaleontological studies.

Unit- 11:

Foraminifera - Planktonic Foraminifera, their modern biogeography, coiling, surface ultrastructure,
the outline of morphology. Benthic foraminifera, their brief morphology. Foraminifera: their
palaeoecology and application in Paleoceanography. Significance of planktic foraminifera in
Cenozoic marine biostratigraphy and application in paleoceanographic and paleoclimatic
interpretation. Importance of Planktic foraminifera in monsoon reconstructions. Application of
benthic foraminifera in Paleobathymetric reconstructions and bottom water paleoceanography.
Benthic foraminifera as indicators of environmental change. Application of larger foraminifera in
palaeoclimatology and Indian stratigraphy.

Unit- 111:

Calcareous microfossils — Ostracoda. Significance of Ostracoda in Quaternary paleoceanographic and
paleoclimatic studies. Application of Calcareous nannofossils in surface water paleoceanographic
reconstructions. Calcareous nannofossils and Paleoclimate. Significance of Calcareous nannofossils
in Oceanic biostratigraphy. Palynology - Outline of the morphology of Pollens and Spores. Pollens
and Spores in the marine realm. Environmental application of Pollen and Spores.

Unit- IV:
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Pteropods — morphology and characteristics. Pteropods as indicators of past oceanic water masses
and bathometers. Ocean acidification role of aragonite microfossils. Stratigraphic significance of
Calpionellids and Calcareous Algae.

Unit- VI:

Siliceous microfossils -Radiolaria, Diatoms, Use of Radiolaria in determining past sea surface
temperatures. Application of Diatoms in interpreting ancient and modern lacustrine environment like
lake Eutrophication, lake acidification. Diatoms and sea-level changes. Diatoms and Sea ice cover
during Quaternary. Diatoms and Paleoceanography of Equatorial upwelling systems during
Quaternary. Application of silicoflagellates in paleoclimatic interpretation. Importance of Siliceous
microfossils in marine Geology and oceanography

Unit- VI:

Conodonts - morphology and classification. Environmental significance of Conodonts. Conodont
colour alteration index and its use. Stratigraphic significance of Conodonts with special reference to
India. Organic Walled Microfossils- Brief knowledge of Acritarchs and Dinoflagellates. Application
of microfossils in petroleum exploration.

References

Brasier. M.D (1980) Microfossils, George Allen and Unwin Ltd, 193p.

Elements of Micropaleontology by G. Bignot; Grahm and Trottman, London. The year 1985.
Glaessner, M.F. Principles of Micropalaeontology, Hafner Publishing Company, 296p.
Introduction to Marine Micropaleontology, by Haq and Boersma, Elsevier Year 1978.
Microfossils by M.D. Braiser; George Allen and Unwin, the Year 1980.

Micropaleontology in Petroleum exploration by R.W. Jones. Clarendon Press Oxford, 1996.
Neogene Planktonic Foraminifera: A phylogenetic Atlas, by Kennett and Srinivasan,
Hutchinson Ross, USA, 1983.

e Quaternary Environmental Micropalaeontology (Ed. Simon K. Hasllett) Arnold; Oxford
University Press, New York Year. 2002.

e Hemleben C, Spindler M, Anderson OR. 1989. Modern Planktonic Foraminifera. Springer,
New York.
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Course 111 =Special Course related to the core area of research
EGE 7004: Quaternary Palaeoclimate (Credit Value: 4)

Course Description

The course provides a comprehensive examination of the climate events during the Quaternary period
(last 2.6 million years). The Quaternary period comprises the Pleistocene and the Holocene and is the
youngest of the geological periods. To provide an advanced understanding of the causes and
consequences of climatic changes on long and short timescales with specific reference to glaciated
terrains during the Quaternary Period. The students are exposed to different methods, proxies and
archives for reconstructing Quaternary climate change.

Course Outcome
By the end of the course, students are expected to be able to:

e Provide a comprehensive examination of Quaternary glacial and interglacial environments
drawing on a range of case studies from both modern and ancient glaciated regions

e Advanced understanding of the causes and consequences of climatic changes on long and
short timescales with specific reference to glaciated terrains during the Quaternary Period
(last 2.6 million years)

e Describe the variety of proxy records that are available for reconstructing Quaternary climate
change.

e Understand the processes involved in producing different proxy records and be aware of the
complexities involved in interpreting those records.

e Synthesize the findings from different proxy records to form a coherent picture of Quaternary
climate change.

e Critically evaluate the advantages and disadvantages of different techniques and their
usefulness in reconstructing Quaternary environments.

e Show analytical skills in the written, summative assignment, and Critical engagement with
research papers related to Quaternary research, Present scientific information and debates in
an oral presentation.

Course structure

Unit I:

Sub-divisions of the Quaternary Period and their climatic significance. Sub-divisions of Holocene
Epoch. Climate and climate variability: various time scales of climate variability. Causes of climate
change: Anthropogenic and Natural.

Unit- 11:
Various archives of Quaternary history; tree rings, corals, speleothems, peat deposits, marine
sediments, fluvial deposits. Lake sediments as archive of Holocene climate change.
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Unit- 111:

Quaternary Glaciations — causes, stages of glacial-interglacial cycles. Major events in Quaternary
climatic history: Last Glacial Maximum (LGM), Bglling-Allergd period, Younger Dryas.
Palaeoceanographic changes during Cenozoic- D-O Events, Bond Cycles and Heinrich Events.
Astronomical theory of glaciation—Milankovitch cycles. Oxygen isotope stratigraphy.

Unit- IV:
Quaternary dating methods — Principles of radiocarbon, thermoluminescence, Pb-210 and Cs-137
dating methods. Calibration of radiocarbon dates.

Unit- V:

Environmental magnetism. Introduction, principles, techniques--application in Quaternary
environment reconstruction. Magnetic properties of natural minerals. Magnetic remnants and
magnetic susceptibility.

Unit- VI:

The history, causes and evolution of Indian monsoon system. Major climatic events during the
Holocene: Maedival Warm Period (MWP), Little Ice Age (LIA), Early Holocene Optima, Mid-
Holocene Aridity.

References

e Sirocko, F., Claussen, M., Goni, M.F.S. and Litt, T. (Eds., (2008): The Climate of Past
Interglacials, Elsevier.

e Burrough, W.J.S. (2005): Climate Change in Prehistory, Cambridge University Press.

e Rapp, D. (2009): Ice Ages and Interglacials — Measurements, Interpretation and Models,
Springer.

e Saltzman, B. (2002): Dynamical Paleoclimatolgy — Generalised Theory of Global Climate
Change, Academic Press.

e Birks, H. J. B. and Birks, H. H. (1980): Quaternary Paleoecology, Edward Arnold.

e Battarbee, R.W. and Binney, H.A. edt. (2008), Natural Climate Variability and Global
Warming — A Holocene Perspective, Wiley Blackwell.

e Bloom, AJ. (2010): Global Climate Change — Convergence of Disciplines, Sinauer
Associates.

e Bradley, R. S. (1999): Paleoclimatology — Reconstructing Climates of the Quaternary,
Elsevier.

e Dawson A.G. Ice Age Earth: Late Quaternary Geology and Climate (Physical Environment)
e Lowe, J.J. and Walker, M.J.C., (1997): Reconstructing Quaternary Environments Longman.
e Geological Society of India: Quaternary of India

e Jansen, E., J. Overpeck, K.R. Briffa, J.-C. Duplessy, F. Joos, V. Masson-Delmotte, D. Olago,
B. Otto-Bliesner, W.R. Peltier, S. Rahmstorf, R. Ramesh, D. Raynaud, D. Rind, O. Solomina,
R. Villalba and D. Zhang, 2007: Palaeoclimate. In: Climate Change 2007: The Physical
Science Basis. Contribution of Working Group | to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change [Solomon, S., D. Qin, M. Manning, Z. Chen, M.
Marquis, K.B. Averyt, M. Tignor and H.L. Miller (eds.)]. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA.

s AR Department of Geology, ST SoTTefY &<t / School of Earth Science Systems , ¥ w1 fasafa=mer / Central University of Kerala,
Kasaragod — 671 320, %< | Kerala, 9T / India, 999T3e / Website:- cukerala.ac.in



DEPARTMENT OF GEOLOGY

SCHOOL OF EARTH SCIENCE SYSTEMS
CENTRAL UNIVERSITY OF KERALA

Ph.D course work syllabus 2021

e Walden, J., Oldfield, F., Smith, J. (1999). Environmental Magnetism: A Practical Guide.
Technical Guide No. 6. Quaternary Research Association, London.

e Dekkers, M.J. (1997). Environmental Magnetism: an introduction. Geologie en Mijnbouw, V.
76, pp. 163-182.

e Evans, M.E. and Heller, F. (2003). Environmental magnetism. Principles and applications of
enviromagnetics. San Diego, USA: Academic Press, 299 p.

e Thompson, R. and Oldfield, F. (1986). Environmental Magnetism. Allen & Unwin, London,
227p.

e Maher, B.A. (2009). Rain and dust: Magnetic records of climate and pollution. Elements, v. 5,
pp. 229-234.

Course Il -EGE7005 Special Course related to the core area of research - Ore petrography
and genesis (Credit Value: 4)

Course Description

This course is applicable to students pursuing research in the field of petrology and/or ore-petrology.
The course focuses on the fundamentals of ore petrography, qualitative and quantitative mineral
identification techniques, paragenesis and ore mineral assemblages and applications of ore
microscopy in mineral identification.
Course Outcome
By the end of the course, students are expected to be able to:

e Understand the fundamentals of ore petrography and preparation of samples for ore

petrographic studies.

e ldentify minerals using qualitative and quantitative techniques.

e Identify the paragentic sequence of various ore mineral assemblages.

e Understand the fundamentals of mineral beneficiation.
Course Structure
Unit | — Fundamentals of ore petrography
Components of ore microscope; Accessories; Preparation of polished sections; Grinding and

polishing equipment; Grain mount preparation — regular and specialist analytical methods;
Preparation of doubly polished thin sections; Electrolyte polishing and etching techniques.

Unit-11- Mineral identification — qualitative and quantitative (reflectance measurement)
methods

Qualitative optical properties; Hardness examination; Structural and morphological properties; other
aids to identification (phase equilibria, mineral assemblages, textures and ancillary techniques).

Quantitative measurement techniques - applications to mineral identification, compositional
characterization of minerals; Quantitative color; Correlation of electronic structure with reflectance
variation.
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Unit-111- Mineral identification — quantitative (microindentation hardness) method and ore
mineral textures

Vickers hardness measurement; Shapes of hardness microindentations; factors affecting
microindentation hardness values of minerals.

Textures — primary textures formed from melts, open space deposition; secondary textures resulting
from cooling, deformation, annealing and metamorphic crystal growth; placer grains texture; special
textures.

Unit-1V Paragenesis and ore mineral assemblages

Paragenetic studies of ore minerals; examples; ore formation conditions and the application of phase
equilibria data; fluid inclusion studies.

Ore minerals associated with igneous rocks and vein deposits — chromium ores associated with mafic
and ultramafic rocks; iron-nickel-copper sulfide ores associated with mafic and ultramafic rocks;
iron-titanium oxides associates with igneous rocks; copper-molybdenum sulfides associated with
porphyritic intrusive igneous rocks; copper-lead-zinc-silver assemblages in vein deposits; silver-
bismuth-coblatOnickel-arsenic vein ores; tin-tungsten-bismuth in vein deposits; gold vein and related
mineralization; arsenic-antimony or mercury bearing base metal vein deposits.

Unit-V Ore mineral assemblages

Sedimentary-volcanic-metamorphic-extraterrestrial environments — iron-manganese ores in
sedimentary environments, opaque minerals in coal, uranium-vanadium-copper ores associated with
sandstones and unconformity-type uranium deposits; modern placer deposits; gold-uranium ores in
ancient conglomerates; lead-zinc deposits in carbonate rocks and other sediments; stratiform base-
metal sulfide ores in sedimentary rocks; copper-iron-zinc assemblages in volcanic environments;
opaque minerals in metamorphosed massive sulfides; skarn deposits; extraterrestrial materials —
meteorites and lunar rocks.

Unit-VI Applications of ore microscopy in mineral technology

Mineral identification in mineral beneficiation; ore textures in mineral beneficiation; case studies of
applications; study of mattes, slags, ashes, sinter and other smelter and incinerator products.

REFERENCES

1. Cabri, L. J., and Chryssoulis, S. L. (1990). Advanced Methods of Trace Element
MicrobeamAnalysis.InJ.L.JamborandD.J.VVaughan(eds.),AdvancedMicroscopic
StudiesofOreMinerals. Min. Assoc. Canada Short Course Hdbk. 17,0ttawa.

2. Craig, J.R., Vaughan, D.J., Ore microscopy and ore petrography, John Wiley and Sons Inc. 446p.
3. Ineson, P.R., Introduction to practical ore microscopy, Taylor and Francis. 192p.
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Course 111 =Special Course related to the core area of research
EGE 7006: Geospatial Technology (Credit Value: 4)

Course Description

This course will discuss the fundamentals of geospatial technology and its applications. Geospatial
technology is an applied branch of earth science which deals with the modern tools contributing to
the geographic mapping and analysis of the Earth and human societies. The course will provide a
basic overview about the basics of Geographic Information System and remote sensing, data analysis
and digital image processing.

Course Outcome

By the end of the course, students are expected to be able to:

e Understand the basics of geospatial technology and its applications in various fields.
e Understand basics of map projection.

e Comprehend basic concepts in Geographic Information System and its usage.

e Carry out raster and vector data analysis.

e Use GIS software in various fields.

Course Structure

Unit I:

Map projection: Basic geodesy - Geoid/Datum/Ellipsoid - Coordinate systems - Scale factor -
Distortion on map — projections - Classification of map projections - Polyconic, LCC, Mercator.
UTM projections - Map projection transformation — Surveying — Total Station — EDM — LIDAR.

Unit- 11:

Fundamentals of Geographic Information System — Spatial and non-spatial data. data input, data
management, data manipulation, data output. Data Input and Editing: Coordinate Conversion.
Digitizing, data encoding, re-projection and transformation. Vector and Raster data analysis.
Interpolation and overlay techniques. Preparation and layout of maps.

Unit- 111:

Digital Image Processing: Preprocessing —destriping, Geometric correction and registration, image
enhancement, image transformation, change detection, image classification: supervised &
unsupervised classification, data merging. Thermal, multispectral and hyperspectral sensing:
Hyperspectral sensing, Microwave sensing.

Unit- 1V:

Vector data model. Arcs, nodes, vertices, polygon inclusions, boundary generalization. Spaghetti vs.
Topological vector models. Shape files and coverages. Vector features and attribute tables —
Relational Database Management Systems. Raster data model —vector vs. raster, raster to vector &
vector to raster conversion. Data structures for elevation data: TIN, DEM. Data Input and Editing in
GIS — Data Sources. Map registration — Georeferencing, GCPs, Coordinate Conversion, Data Editing
— Detecting and correcting errors, transformation and Generalization, Edge matching.
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Unit- V:

Spatial Data Analysis: Geo-statistical analysis - Proximity analysis (buffering) - Overlay analysis —
density analysis -Network analysis - Multi-criteria analysis - Site suitability analysis - Nearest
neighbour analysis - Thiessen polygons -Surface mapping - Terrain reclassification — Slope, aspect,
angle of incidence. - Visibility (viewshed) analysis. Reclassification, Buffering and neighbourhood
analysis, Overlay operations, Raster vs. Vector overlay operations, point-in-polygon overlay, clip,
intersection, union. Network analysis — geocoding. Terrain analysis.

Unit- VI:

Application of remote sensing and GIS: Geology, Natural resource management, mapping and
decision making; urban planning and management; Water resources management; Disaster
management; Environmental management

References

e Burrough, P.A. & McDonnell, R.A., Principles of Geographical Information System, Oxford
Pub.

e Chang, Kang-Tsung., 2002, Introduction to Geographic Information Systems, Tata McGraw
Hill Pub. Co. Ltd.

e Clarke, K.C., Getting Started with Geographic Information System, Prentice Hall.

e Davis, J.C., 1973, Statistics and Data Analysis in Geology, Wiley.

e ESRI, Understanding Geographic Information System, The Arc-info Method, Wiley
Publishers.

e Gibson, P. J. & Power, C. H., 2000, Introductory Remote Sensing--Digital Image Processing
and Applications,

e Remote sensing and image interpretation -Thomas M Lillesand. Ralph W Kiefer. Jonathan W
Chipman- Wiley publication

e Fischer, 2011, Spatial data analysis- Model, Methods and technique- -Springer. DOI
10.1007/978-3-642-21720-3.

Course I11 —Special Course related to the core area of research
EGE 7007: Structural Geology and Tectonics (Credit Value: 4)

Course Description

Structural geology is the study of deformation and deformed structures on the earth surface. It will
explain the complex deformational history of earth structures in terms of various spatial and
chronological units at different scales. Understanding present-da geological structure will provide a
clue towards the past geological event, which modified our earth in geological time.

Course Outcome
By the end of the course, students are expected to be able to:

¢ identify the geological structures on both macroscopic and microscopic scales.

e describe the deformational structures of an area from the geologic maps and outcrop patterns.
e elucidate the deformation history of an area using rock fabrics and geometric relationships

e get proper enlightenment towards the geological literature
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Course Structure

Module - 1

Deformation-concept, component and type. Continuum mechanics and rheology. Elastic, plastic and
brittle deformation. Concept of stress. Concept of strain. Stress and strain ellipsoids. Mohr circles.
Concept of Faults, Joints and Fractures.

Module - 2

Mechanics of folding and Buckling. Fold classifications - Fold interference and Superposed folding.
Module - 3

Fabric- Planar and linear fabrics. Tectonites- classification. Structural analysis. Stereographic
projections in structural geology. m and [ diagrams. Petrofabrics. Concept of Plates and Plate
Boundaries in tectonics. Plate Tectonics on the Globe. Driving Mechanisms. Concept of supercontinents.

Magnetism and Isochrons. Earthquakes and Plates. Southern Granulite Terrain.
Module - 4

References

1. Billings, M. P. (2016) Structural Geology. Pearson Education; Third edition, 624p.

2. Park, R.G. (1989), Foundation of Structural Geology, Blackie, 148p.

3. Ragan, D.M. (1969), Structural Geology, Wiley, 2nd edition, 602p.

4. Turner, E.J. and Weiss, L.E. (1963), Structural Analysis of Metamorphic Tectonites, Mc. Graw
Hill, 545p.

5. Hobbs, B.E., Means, W.D. and William, P.F. (1976), An outline of Structural Geology, John
Wiley and Sons, 571p.

6. Robert. J.Twiss and Eldridge.M.Moores (2007). Structural Geology, W.H.Freeman and Company,

695p.

. Ramsay, J.G. (1967) Folding and Fracturing of Rocks. Mc Graw Hill, 586p.

8. Ramsay, J.G. and Huber M.I. (1987) The Techniques of Modern Structural Geology: Folds and
Fractures, Academic Press, 391p.

\‘

Course IV —Course on the specific research proposal including a review of literature — GEO
7102: Rock magnetic characterization of soils (Credit Value: 6)

Course Description

The course focuses on the basic principles of soil magnetism, magnetic minerals in soils and
magnetic properties of soils. It also involves introduction to various environmental magnetic
parameters, its measurement, instrumentation techniques, interpretation and applications in
understanding soil genesis. The course will also focus on various studies carried out on magnetic
properties of soils in tropical and temperate climate.

Course Outcome

By the end of the course, students are expected to be able to:

¢ Understand the magnetic properties of temperate, tropical and lateritic soils.
e Appreciate various magnetic minerals and its transformations in the soil environment.

e Ability to prepare samples for soil magnetic analysis.
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e Comprehend various environmental magnetic parameters and its uses in the study of soils.
e Measure various environmental magnetic parameters of soils

¢ Interpret the soil magnetic data in terms of soil pedogenesis.

e Critically evaluate soil magnetic studies carried out in temperate and tropical climate.

Course Structure

Unit I:

Soils and soil forming factors. Different types of soils. Influence of parent material, climate,
topography, organic matter and time on formation of soils.

Unit I1:

Methods of soil sample collection and storage of samples. Sample preparation. Soil Magnetic
parameters and its measurements. Interpretation of various soil magnetic parameters.

Unit 111:

Studies carried out on rock magnetic properties of temperate soils and loess-paleosol sequence.
Rainfall-susceptibility relationship.

Unit IV:

Studies carried out on rock magnetic properties of tropical soils. Rock magnetic properties of tropical
soils.

Unit V:

Formation of laterites and lateritic soils. Lateritic soils of Kerala. Studies carried out on mineral
magnetic properties of lateritic soils. Rock magnetic characteristics of lateritic soils.

Unit VI:

Understanding pedogenesis and pollution based on soil magnetic properties. Soil colour, particle size,
SEM and geochemistry of soils as supporting data.

REFERENCES:

1. Jordanova, N. (2016) Soil Magnetism: Applications in Pedology, Environmental Science and
Agriculture, 1* Edition. Elsevier Inc.

2. Jenny, H.J., 1941. Factors of Soil Formation. McGraw-Hill, New York (281 p.).

3. Walden, J., Oldfield, F., Smith, J. (1999). Environmental Magnetism: A Practical Guide. Technical
Guide No. 6. Quaternary Research Association, London.

4. Research Papers related to Soil Magnetism and its applications.
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Course IV —Course on the specific research proposal including a review of literature
GEO 7102: Lake sediments as palaeoclimatic archive (Credit Value: 6)

Course Description

The course focuses on the reconstruction of paleoclimate using lake sediments. The course includes
collection of lake sediment cores, various proxies used in paleoclimatic reconstruction and its
interpretation. The course will also focus on various studies carried out on lake sediments around the
world and India.

Course Outcome

By the end of the course, students are expected to be able to:

e Understand the methodology of collection of sediment cores from lakes and sample
preparation.

e Appreciate various proxy parameters and its interpretation for palaeoclimatic reconstruction.

e Evaluate advantages and disadvantages of various dating methods.

o Critically evaluate lake sediment studies carried out in India and other parts of the world.

e Reconstruct past monsoon of the region using various proxy parameters.

e Compare and evaluate various paleomonsoonal data from the region.

Course Structure

Unit I:
Collection of lake sediment cores. Sub-sampling and storage of samples. Sample preparation. Various
dating methods: AMS C-14, thermoluminescence, Pb-210 and Cs-133.

Unit 11:

Application of organic and inorganic geochemistry in reconstruction of palaeoclimate using lake
sediments. Various chemical weathering indices: Rb/Sr, CIA, CWI. Use of C/N ratio and carbon, oxygen,
nitrogen isotopes in palaeolimnological studies. Molecular and lipid biomarker studies in monsoonal
reconstruction.

Unit I11:

Environmental Magnetic parameters and its measurements. Reconstruction of palaeoclimate using
environmental magnetic data. Application of particle size in reconstruction of palaeoclimate using lake
sediments. Application of pollen and diffuse reflectance spectroscopy in lake sediment studies.

Unit IV:
Review of palaeoclimatic studies on lake sediments around the world. Lake sediment studies carried out
in USA, Europe, Africa and Asia.

Unit V:
Review of palaeoclimatic Studies on lake sediments from NW, Central, northern and NE India. Studies
carried out on lake sediments of southern India.
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Unit VI:
The reconstruction of Indian monsoon based on lake sediments of southern India during the Holocene.

Holocene climate variability based on other proxy data in southern India. Comparison with the lake
sediment data from other parts of India: similarities and differences.

REFERENCES:
e Tracking Environmental Change Using Lake Sediments. VVol. 1-5. Springer.
e Scott A. Elias (Ed). Encyclopedia of Quaternary Science. 2nd Edition. Elsevier.
e Thompson, R. and Oldfield, F. (1986). Environmental Magnetism. Allen & Unwin, London, 227p.
e Walden, J., Oldfield, F., Smith, J. (1999). Environmental Magnetism: A Practical Guide. Technical

Guide No. 6. Quaternary Research Association, London.
e Research Papers related to reconstruction of palaeoclimate using lake sediments
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Course IV —Course on the specific research proposal including a review of literature EGE
7102: Lake and Marine sediment records of Palaecomonsoon (Credit Value: 6)

Course Description

The course focuses on the reconstruction of paleoclimate using lake and marine sediments. The
course includes collection of lake/marine sediment cores, various proxies used in paleoclimatic
reconstruction and its interpretation. The course will also focus on various studies carried out on lake
and marine sediments in different parts of the world.

Course Outcome

By the end of the course, students are expected to be able to:

e Understand the methodology of collection of lake and marine sediment cores.

e Evaluate advantages and disadvantages of various dating methods.

e Prepare samples for various proxy data analysis.

e Appreciate various proxy parameters and its interpretation for palaeoclimatic reconstruction.

o Critically evaluate lake sediment studies carried out in India and other parts of the world.

o Critically evaluate studies carried out on marine sediments from Arabian Sea, Bay of Bengal
and Indian Ocean.

e Reconstruct past monsoon of the region using various proxy parameters on lake and marine
sediments.

e Compare and evaluate various paleomonsoonal data from the region.

Course Structure

Unit I:
Collection of lake and marine sediment cores. Sub-sampling and storage of samples. Sample
preparation. Various dating methods: AMS C-14, thermoluminescence, Pb-210 and Cs-133.

Unit I1:

Application of organic and inorganic geochemistry in reconstruction of palaeoclimate using lake and
marine sediments. Various chemical weathering indices: metal/Al, Rb/Sr, CIA, CWI. Use of C/N
ratio and carbon, oxygen, nitrogen isotopes in palaeoclimatic studies. Molecular and lipid biomarker
studies in monsoonal reconstruction.

Unit I11:

Sample preparation methods for conventional pipette analysis and laser particle size analyser.
Application of particle size in reconstruction of palaeoclimate. Application of diffuse reflectance
spectroscopy in lake/marine sediment studies.

Unit IV:
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Environmental Magnetic parameters and its measurements. Reconstruction of palaeoclimate using
environmental magnetic data. Overview of application of microfossils (pollen, foraminifera,
pteropods, coccolithophors, diatoms) in marine/lake sediment studies.

Unit V:

Review of palaeoclimatic studies on lake sediments from NW, Central, northern and NE India.
Studies carried out on lake sediments of southern India. The palaeoclimatic history of southern India
as interpreted from lake sediments. Comparison with the lake sediment data from other parts of India:
similarities and differences.

Unit VI:

Review of the palaeoclimatic studies carried out on eastern Arabian Sea sediments. A comparison of
the marine sediment records of eastern Arabian Sea with Bay of Bengal and Andaman sea sediment
records. Comparison of eastern Arabian Sea sediment records with continental records of climate
(lake sediments, speleothems, tree rings, peat records) from peninsular India.

REFERENCES:

e Tracking Environmental Change Using Lake Sediments. Vol. 1-5. Springer.

e Scott A. Elias (Ed). Encyclopedia of Quaternary Science. 2nd Edition. Elsevier.

e Thompson, R. and Oldfield, F. (1986). Environmental Magnetism. Allen & Unwin, London,
227p.

e Walden, J., Oldfield, F., Smith, J. (1999). Environmental Magnetism: A Practical Guide.
Technical Guide No. 6. Quaternary Research Association, London.

e Research Papers related to reconstruction of palaeoclimate using lake and marine sediments
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Course IV —Course on the specific research proposal including a review of literature EGE
7102: Landslide susceptibility analysis and mapping (Credit Value: 6)

Course Description

The course focuses on the basics of landslides and its causative factors. The course includes
comparison of different methods of landslide susceptibility analysis and use of Geographic
Information system for the same. The course will also focus on various case studies of landslide
occurrences in Western Ghats and other parts of India.

Course Outcome

By the end of the course, students are expected to be able to:

e Understand the basics of landslides and its causative factors.

e Analyse landslides in field and satellite remote sensing techniques.

e Critically evaluate different methods of landslide susceptibility analysis and zonation using
GIS software.

e Evaluate various landslide occurrences in Western Ghats and understand its triggering factors.

e Prepare landslide Susceptibility Maps using Logistic Regression Model.

e Compare the landslide susceptibility maps prepared using different methods.

Course Structure

Unit I:
Landslides: Terminology and classification. Slope failure and stability analysis. Causative factors and
prevention methods. Effects of voluminous landslides, rock falls, debris flows, shallow landslides.

Unit 11:

Landslide analysis: ground based, aerial and satellite remote sensing techniques. Susceptibility and
hazard mapping. Risk assessment. Earthquakes and landslides. Impact of extreme rainfall and
climate change.

Unit- 111

Different methods of landslide susceptibility analysis and zonation: inventory methods, Heuristic
methods, statistical methods. The different steps involved in landslide susceptibility assessment and
factors to be considered. Method selection and scales of analysis.

Unit IV:

A review of different methods adopted worldwide and in India for the landslide susceptibility
analysis with GIS techniques. A review of the landslides occurred in Kerala and Karnataka including
that in Western Ghats and their causative factors.

Unit V:
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Landslide Susceptibility Mapping using Logistic Regression Model. Methodology involved: Field
work, laboratory analysis and GIS techniques. Data layers of slope instability hazard zonation.
Triggering factors for landslide. Accuracy assessment and data validation.

Unit VI:

Review and case studies on landslide susceptibility analysis using Logistic Regression Model from
different parts of India.

REFERENCES:

o Statistical Approaches for Landslide Susceptibility Assessment and Prediction

e Sujit Mandal, Subrata Mondal, 2019. Springer International Publishing AG, part of Springer
Nature.

o Research papers related to landslide susceptibility analysis using GIS techniques.
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Course IV —Course on the specific research proposal including a review of literature EGE:
7102 Holocene Paleoceanography of the Bay of Bengal (Credit Value: 6)

Course Description

The course provides a comprehensive examination of the Holocene climate and oceanography (last
11700 years). To provide an advanced understanding of the causes and consequences of
oceanographic changes on short timescales with specific reference to the Bay of Bengal region. The
students are exposed to different methods, proxies and archives for reconstructing Holocene climate
and oceanographic changes.

Course Outcome
By the end of the course, students are expected to be able to:

e Provide a comprehensive examination of Holocene sediments of the Bay of Bengal

e Advanced understanding of the causes and consequences of climatic changes on long and
short timescales

e Describe the variety of proxy records that are available for reconstructing Holocene
oceanographic changes.

e Understand the processes involved in producing different proxy records and be aware of the
complexities involved in interpreting those records.

e Synthesize the findings from different proxy records to form a coherent picture of Holocene
climate change.

e Critically evaluate the advantages and disadvantages of different techniques and their
usefulness in reconstructing Holocene environments.

e Show analytical skills in the written, summative assignment, and Critical engagement with
research papers related to Holocene research, Present scientific information and debates in an
oral presentation.

Unit I:

Oceanography of the Bay of Bengal and the Andaman Sea. Ocean circulation and monsoon currents.
Monsoon induced oceanographic changes. River runoff, Evaporation precipitation balance.
Stratification and salinity structure. Sea surface temperature and mixed layer structure. CCD and
ACD of the Indian Ocean with particular reference to the Bay of Bengal. Spatial and temporal
changes in sedimentation. Issues are arising due to slumping, turbidity currents, bioturbation for
using paleo studies in the BoB.

Unit I1:
Late Quaternary Paleoceanography record, present knowledge and ongoing research projects on Bay
of Bengal oceanographic and climatic studies. Sediment flux/trap studies from the Bay of Bengal.

Unit H1:

Sample preparation methods for foraminiferal assemblages studies, oxygen and carbon isotope
studies, Mg/Ca, AMS radiocarbon dating, Trace elements in planktonic foraminifera shells,
environmental magnetic studies, grain size analyses, geochemical studies of marine sediments.
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Application of particle size in the reconstruction of Paleoclimate. Application of Planktic
foraminiferal morphotypes analyses and their paleoceanographic importance.

Unit IV:
Overview of the application of microfossils (pollen, foraminifera, pteropods, coccolithophores,
diatoms, Radiolaria) in marine sediment studies.

Unit V:
Review of Holocene paleoceanographic studies by using planktonic foraminiferal, oxygen isotopes
and Mg/Ca studies. Holocene Indian Summer Monsoon record from the BoB.

Unit VI:
Review of the palaeoceanographic carried out on north-western BoB sediments. A comparison of the
marine sediment records of BoB with the Arabian Sea and Andaman sea sediment records.

REFERENCES:

e Thompson, R. and Oldfield, F. (1986). Environmental Magnetism. Allen & Unwin, London,
227p.

e Walden, J., Oldfield, F., Smith, J. (1999). Environmental Magnetism: A Practical Guide.
Technical Guide No. 6. Quaternary Research Association, London.

e Research Papers related to the reconstruction of palaeoclimate using marine sediments

e Akhil VP, Lengaigne M, Vialard J et al. 2016. Modeling study of processes controlling the
Bay of Bengal sea surface salinity interannual variability. Journal of Geophysical Research:
Oceans 121(12): 8471-8495.

e Cullen J. 1981. Microfossil evidence for changing salinity patterns in the Bay of Bengal over
the last 20,000 years. Palaeogeography Palaeoclimatology Palaeoecology 35: 315-356.

e Guptha MVS, Curry WB, lttekkot V et al. 1997. Seasonal variations in the flux of planktonic
foraminifera. Sediment trap results from the Bay of Bengal, northern Indian Ocean. Journal of
Foraminiferal Research 27: 5-19.

e Hemleben C, Spindler M, Anderson OR. 1989. Modern Planktonic Foraminifera. Springer,
New York.

e Kumar PS, Muraleedharan PM, Prasad TG et al. 2002. Why is the Bay of Bengal less
productive during summer monsoon compared to the Arabian Sea? Geophysical Research
Letters 29: 88-1.

e Kumar PS, Nuncio M, Narvekar J et al. 2004. Are eddies nature’s trigger to enhance
biological productivity in the Bay of Bengal? Geophysical Research Letters 31: L07309.
https://doi.org/10.1029/2003GL019274.

e Sijinkumar AV, Clemens S, Nath BN et al. 2016a. [1180 and salinity variability from the
Last Glacial Maximum to Recent in the Bay of Bengal and the Andaman Sea. Quaternary
Science Reviews 135: 79-91.

e Varkey MJ, Murthy VSN, Suryanarayana A. 1996. Physical oceanography of the Bay of
Bengal and the Andaman Sea. Oceanography and Marine Biology: An Annual Review 34: 1-
70.
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Course IV —Course on the specific research proposal including a review of literature EGE:
7102 Geochemical and Environmental magnetic proxies for Late Quaternary
Paleoceanography (Credit Value: 6)

Course Description

The course focuses on the basic principles of geochemistry, environmental magnetism, magnetic
minerals and magnetic properties of natural materials. It also involves an introduction to various
elemental and environmental magnetic parameters, its measurement, instrumentation techniques,
interpretation and applications in paleoceanography.

Course Outcome

By the end of the course, students are expected to be able to:

e Understand the key characteristics of geochemical proxies of marine sediments.

e Understand the key characteristics of magnetic properties of marine sediments.

e Appreciate various magnetic minerals in the environment.

e Ability to carry out sample preparation for geochemical and environmental magnetic analysis.

e Comprehend various environmental magnetic parameters and its uses.
e Measure various environmental magnetic parameters on soils and sediments.
e Interpret the environmental magnetic data

Unit I:

Oceanography of the Bay of Bengal and the Andaman Sea. Ocean circulation and monsoon currents.
Monsoon induced oceanographic changes. River runoff, Evaporation precipitation balance.
Stratification and salinity structure. Sea surface temperature and mixed layer structure. CCD and
ACD of the Indian Ocean with particular reference to the Bay of Bengal. Spatial and temporal
changes in sedimentation. Issues are arising due to slumping, turbidity currents, bioturbation for
using paleo studies in the BoB.

Unit I1:
Late Quaternary Paleoceanography record, present knowledge and ongoing research projects on Bay
of Bengal oceanographic and climatic studies. Sediment flux/trap studies from the Bay of Bengal.

Unit 11:

Geochemical studies of marine sediments. Sample preparation methods for major minor and trace
elements of marine sediments. Sample preparation for stable isotope, Mg/Ca, AMS radiocarbon
dating, Trace elements in planktonic foraminifera shells, environmental magnetic studies, grain size
analyses. Application of particle size in the reconstruction of Paleoclimate.

Unit IV:
Overview of the application of newer geochemical proxies (eg: Nd, Sr, Boron, Ba etc.) and
conventional geochemical proxies (Organic carbon, CaCO3 etc). in marine sediment studies.
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Unit V:
Review of late Quaternary paleoceanographic studies by using Geochemical, isotope, and
environmental magnetic proxies. Late Quaternary Indian Summer Monsoon record from the BoB.

Unit VI:

Review of the palaeoceanographic studies carried out on north-western BoB and the Andaman Sea
sediments. A comparison of the marine sediment records of BoB with the Arabian Sea and Andaman
sea sediment records.

REFERENCES:

e Thompson, R. and Oldfield, F. (1986). Environmental Magnetism. Allen & Unwin, London,
227p.

e Walden, J., Oldfield, F., Smith, J. (1999). Environmental Magnetism: A Practical Guide.
Technical Guide No. 6. Quaternary Research Association, London.

e Research Papers related to the reconstruction of palaeoclimate using marine sediments

e Akhil VP, Lengaigne M, Vialard J et al. 2016. Modeling study of processes controlling the
Bay of Bengal sea surface salinity interannual variability. Journal of Geophysical Research:
Oceans 121(12): 8471-8495.

e Cullen J. 1981. Microfossil evidence for changing salinity patterns in the Bay of Bengal over
the last 20,000 years. Palaeogeography Palaeoclimatology Palaeoecology 35: 315-356.

e Hemleben C, Spindler M, Anderson OR. 1989. Modern Planktonic Foraminifera. Springer,
New York.

e Kumar PS, Muraleedharan PM, Prasad TG et al. 2002. Why is the Bay of Bengal less
productive during summer monsoon compared to the Arabian Sea? Geophysical Research
Letters 29: 88-1.

e Kumar PS, Nuncio M, Narvekar J et al. 2004. Are eddies nature’s trigger to enhance
biological productivity in the Bay of Bengal? Geophysical Research Letters 31: L07309.
https://doi.org/10.1029/2003GL019274.

e Sijinkumar AV, Clemens S, Nath BN et al. 2016a. d180 and salinity variability from the Last
Glacial Maximum to Recent in the Bay of Bengal and the Andaman Sea. Quaternary Science
Reviews 135: 79-91.

e Varkey MJ, Murthy VSN, Suryanarayana A. 1996. Physical oceanography of the Bay of
Bengal and the Andaman Sea. Oceanography and Marine Biology: An Annual Review 34: 1-
70.

e Gyana Ranjan Tripathy, Sunil Kumar Singh, V. Ramaswamy 2014. Major and trace element
geochemistry of Bay of Bengal sediments: Implications to provenances and their controlling
factors. Palaeogeography, Palaeoclimatology, Palaeoecology 397 (2014) 20-30

e Fleet A.l., 1984. Aqueous and sedimentary geochemistry of the rare earths. In: P. Henderson
(Editor) Rare earth element geochemistry. Elsevier, Amsterdam, pp 343-373.
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Course IV —Course on the specific research proposal including a review of literature EGE:
7102 Ore geology (Credit Value: 6)

Course Description

This course is applicable to students pursuing research in the field of petrology and/or ore-petrology.
The course focuses on the principles of rock/ore-forming processes, nature and genetic models of
rock/ore-deposits formed in various geological environments, exploration strategies and models for
various ore-deposit types, principles of environmental geochemistry, mineral law and land
accessibility for exploration and mining, mineral economics and geology of mineral deposits in
different states of India

Course Outcome
By the end of the course, students are expected to be able to:

e Understand the principle of ore formation.
e Understand the key exploration strategies of mineral deposits.

e Appreciate various environmental conservation measures to be taken up during the
exploration and exploitation activities.

e Analyse mineral laws and land accessibility in various countries.

e Understand the principle of mineral economics.

e Understand various mineral deposits of the respective states and their genetic models.

Unit | — Ore deposit geology

Introduction; magmatic ore deposits; hydrothermal ore deposits — magmatic and orogenic
environments, sedimentary environments; ore deposits formed in sedimentary environments;
supergene ores and supergene overprinting of ores.

Unit-11- Practice of economic geology

Economic considerations; search for mineral deposits — pre-exploration stage, geological exploration,
geological remote sensing, geochemical exploration, geophysical exploration, trenching and drilling;
development and valuation of mineral deposits — geological mapping and sampling, ore reserve
estimation and determination of grade, valuation of mineral deposits.

Unit-111- Environmental geochemistry and mineral resources

Principles of environmental geochemistry; geochemical reservoirs — their nature and composition;
geochemical cycles and the dynamic nature of global reservoirs; assessing and remedying the
environmental impact of pollution
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Unit-1V Mineral law and land access

Types of land and mineral ownership; land ownership and law in India; mineral ownership and land
laws in countries with rich mineral wealth; exploration vs. exploitation concessions; law of the sea;
land access and land policy; MMRD Acts of Gol.

Unit-V Mineral Economics

History and structure of mineral industry; profits of mineral industry; mineral taxation and mineral
profits; mineral commodity prices; distribution of profits.

Unit-VI Geology and mineral wealth of Orissa State
Singhbhum Craton - Supracrustals and granitoids; volcanic successions; north Singhbhum orogen;
younger granitoids; Kolhan Group; newer dolerite; tectonic evolution; mineral wealth.

EGMB - zonation of EGMB, marginal or transition zone, western charnockite zone, western and
eastern khnodalite zone, central migmatite zone, tectonic evolution, mineral wealth.

REFERENCES

Pohl, W.L., Economic geology — principles and practice, Wiley-Blackwell, 699p.

Ridley, J., Ore deposit geology, Cambridge University Press, 411p.

Ramakrishna, M., Vaidyanadhan, R., 2010, GSI — volume 1, 556p.

Kesler, S.E., Simon, A.C., Mineral resources, economics and the environment, Cambridge
University Press, 515p.

5. Ronwal, G.S., Mineral exploration: practical application, Springer Geology, 301p.
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Course IV —Course on the specific research proposal including a review of literature EGE:
7102 Microtectonics (Credit Value: 6)

Course Description

This course brings together elements of macro- and microstructural analysis, metamorphic petrology,
and geochronology and thermochronology as applied to mostly crustal metasedimentary and
metaigneous rocks. It should be be useful to anyone carrying out structural studies (including
electron backscatter diffraction or EBSD), metamorphic petrology and geochronology in deformed
and metamorphosed terranes.

Course Outcome

By the end of the course, students are expected to be able to:

e study of several suites of metamorphic rocks that illustrate commonly observed structural and
metamorphic progressions in nature.

e understand the increasing strain toward fault zones

e understand the variations in deformation and resultant fabrics with increasing temperature

e understand the contrasts between fabrics and textures developed

e formulate the description and interpretation of a suite of rocks and thin sections from a study
area

Unit |
Description and Reconstruction of Deformation, Reference Frames, Deformation and Strain,
Progressive and Finite Deformation, Stress and Deformation, Rheology

Unit-11

Brittle Deformation, Recrystallisation, Grain Boundary Area Reduction (GBAR), Deformation of
Some Rock-Forming Minerals- Quartz, Calcite and Dolomite, Feldspars, Micas, Olivine, pyroxene,
Garnet and Amphiboles.

Unit-111
Foliations, Lineations, Lattice-Preferred Orientation (LPO)
Unit-1V

Shear Zones, Mylonite, Characteristic Fabric Elements, Mylonite Classification, Sense of Shear,
Microscopic Shear Sense Indicators, Shear Sense Indicators in the Brittle Regime

Unit-V

Veins, Crystals in Veins, Shear Veins, Slickenfibres and Bedding Veins, Fringe Structures, Non-
Fibrous Strain Shadows and Strain Caps, Microboudinage
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Unit-VI
Porphyroblast Nucleation and Growth, Classification of Porphyroblast, Reaction Rims, Strain

Gauges, Techniques to Study Deformation Fabrics, Methods to Measure Lattice-Preferred
Orientation, Numerical Modelling in tectonics.

REFERENCES

1. Passchier CW, Trouw R (2005) Microtectonics. Springer, Berlin, Heidelberg, p 158.
https://doi.org/10.1007/3-540-29359-0

2. Marshak, & Mitra, G. (1988). Basic methods of structural geology / part 1 by Stephen Marshak,
Gautam Mitra; part 2 edited by Stephen Marshak, Gautam Mitra. Prentice Hall.
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