GLY 421: Petrology

(Igneous & Metamorphic Petrology)
Spring, 2016
Credit hours: 4 units





Instructor: Aley El-Din El-Shazly

Office: 131 Science Building

e-mail: elshazly@marshall.edu


Tel: 696-6756

Lectures: TR 12:30 – 1:45 p.m., Science 125

Lab: W: 3:00 – 4:50 p.m., Science 125

Prerequisites: GLY200 or 110; GLY 314 (Physical Chemistry recommended)

Office hours: TR: 3-4; W: 9-12; 5-6; F: 9 - 1, or by appointment. You could always e-mail me, and I will get back to you as soon as possible. I also have an open door policy, if you cannot make it to my office hours, and I'm in my office between 9:00 and 4:00 p.m., it doesn't hurt to check with me; ... if I'm free, I'll be more than happy to help you.
Course Description: Identification and classification of igneous, and metamorphic rocks, their origin and occurrence; their geologic and economic importance. 3 lec-2 lab. (PR: GLY 200, GLY 314 or consent)
Course objectives/ outcomes: Mastering the basic tools needed for understanding igneous and metamorphic processes. After completing this class, the student should be able to 

	Course Objective
	Student activity
	Assessment Tool

	Read and understand scientific papers or texts on petrogenesis, and assimilate and apply their main concepts.
	Reading, class interaction


	Quizzes, tests

	Identify and describe igneous and metamorphic rocks and their structures in the field and thin section
	Lab discussion, homework assignments, field work
	Graded labs, homeworks

	Explain (orally and in writing) the general processes of formation of igneous and metamorphic rocks, and their relations to tectonic setting/ processes.
	Class interaction, readings, labs, field trip 
	Quizzes, tests

	Apply information from this class to understand the evolution of the crust and mantle
	Class interaction, readings, field trip
	Tests, quizzes, homeworks, Field trip exercise

	Classify igneous and metamorphic rocks properly in hand specimen and thin section
	Lab exercises, Field trip
	Homeworks, Quizzes, tests, Field exercise, graded labs

	Identify specific igneous and metamorphic processes involved in the formation of the rock examined through careful analysis of its mineralogical composition and texture
	Labs, readings, Field trip
	Homeworks, Quizzes, tests, Field exercise, graded labs


Textbooks: Most reading assignments will be from: "An Introduction to Igneous and Metamorphic Petrology" by John Winter (2nd edition; ©2010; Prentice Hall/Pearson). Additional readings may be assigned from a number of textbooks, which are either available in the library, or will be placed in the lab. Some lecture notes will be handed out throughout the semester. The students are advised not to rely entirely on the lecture notes which will only contain a brief outline of the subject matter, and are thus encouraged to take notes during lectures and do all the assigned reading. For the lab component, I would strongly suggest that you purchase the manual: “Petrography of Igneous and Metamorphic rocks” by A. Philpotts (© 1989, reprinted in 2003 by Waveland Press). This manual is very affordable, and comes with a CD with very nice photomicrographs. 

Field trips: This class will have a field trip to the Blue Ridge area in Virginia and North Carolina. We will leave on a Friday afternoon in the ~2nd/3rd week of April (~ April 15/22; depending on weather forecast), and will return to Huntington the following Sunday afternoon. We will be staying at Motels. 
Homeworks and Lab assignments: Labs and homeworks are due one week from the date they are handed out in class (unless otherwise indicated). Late assignments will be accepted with a 5% penalty for each day past the due date. Assignments will not be accepted after they have been graded and returned to the class. 

Grading scheme: Labs 20%; lab MT + lab final 20%; Homeworks + Field trips + Quizzes 10%, 2 Mid-terms + final: 50% (65% of grade on igneous tests, 35% on metamorphic final exam).

Obviously, Labs and homeworks carry a lot of weight. If you do well on these, you will have secured ~ 50% of the grade. One of the MT’s and the final will be comprehensive (on igneous and metamorphic, respectively), and will include short answer and objective type questions as well as essay type questions. The short answer questions are designed to evaluate your level of understanding and overall knowledge of the subject matter. The essay questions are designed to show your level of understanding and knowledge, as well as how well you can organize your thoughts and express yourself in writing. The lab MT & final will consist of identifying 6 to 8 samples (hand specimens and thin sections), and to answer a group of specific questions for each sample. These questions may be descriptive (e.g. questions on the mineralogy or texture of the sample) or, more importantly, interpretive, relating to the processes involved in the formation of the given sample. All exams will be of the closed book type, although you will be allowed to have some cheat sheet/ tables in your lab final/ MT.

Grade assignment: A: > 85%; B: 75 – 84.9%; C: 65 – 74.9%; D: 55 – 64.9%; F: < 55%. Class attendance/ interaction will be taken into consideration in borderline cases. In general, I do not curve!!!
Attendance: Attendance of lectures is strongly recommended, and I expect you to attend all lectures! You will also have unannounced quizzes, which may account for up to 5% of your grade! If you have a legitimate excuse for missing my classes, you should try to let me know beforehand or as soon as you can! Once in class, mature behavior is expected. Disruption of class/ lab activities will not be tolerated.

Honor Code: University regulations on academic dishonesty as defined on page 101 of the catalogue will be strictly enforced. Any violations of the Honor Code (e.g. cheating, copying, ... etc.) may result in an F grade and the matter will be brought to the attention of the Dean of student affairs for further action. 

University Policies/ Resources: By enrolling in this course, you agree to the University Policies listed below. Please read the full text of each policy be going to www.marshall.edu/academic-affairs and clicking on “Marshall University Policies.”  Or, you can access the policies directly by going to http://www.marshall.edu/academic-affairs/?page_id=802 

Academic Dishonesty/ Excused Absence Policy for Undergraduates/ Computing Services Acceptable Use/ Inclement Weather/ Dead Week/ Students with Disabilities/ Academic Forgiveness/ Academic Probation and Suspension/ Academic Rights and Responsibilities of Students/ Affirmative Action/ Sexual Harassment.

Study tips: You should take your own notes during class, and should learn how to reproduce many of the figures in your textbook for an exam or quiz. Please feel free to ask questions at any time. Do the readings promptly after each lecture (the reading list is given in the table below), and familiarize yourself with new terms (you will have to do a bit of memorization; sorry!!!). I will also have handouts with outlines of my lectures that I will try to have them e-mailed to you or placed on MUOnline. Use these to organize your own lecture notes after you’ve done the reading. However, these handouts are in no way a substitute for the reading assignments! We will be covering many different topics in this class that are normally covered (though in more depth) in two 3 credit unit courses. You will find that these topics are all inter-related, so you simply cannot afford to fall behind!!! In the Lab, plan on spending at least three extra hours per week working on your own on the samples provided. There will be a few homework problem sets throughout the semester; get an early start on those, and be sure to turn them in on time. 

Final Thoughts: Please keep in mind that I am committed to making this course a positive experience for everyone, so don’t hesitate to ask me questions, or approach me with problems that you are facing in this class. Feel free to stop by my office to discuss your progress in class or go over one of your quizzes or exam scripts with me (including your final!). I could also arrange for review sessions in the evenings whenever they are needed.

Students with disabilities:

Students with a particular learning disability should contact the H.E.L.P. office on campus. Every effort will be made by this instructor to accommodate their needs.

Other Useful Textbooks

Igneous Petrology

Best, M. G., 1982. Igneous and Metamorphic Petrology. W. H. Freeman. 630 pp.

Best, M. G., 2003. Igneous and Metamorphic Petrology. Blackwell. 729 pp.
Carmichael, I.S.E., Turner, F. J., and Verhoogen, J., 1974. Igneous Petrology. McGraw Hill.

Cox, K. G., Bell, J. D., and Pankhurst, R. J., 1979*. The interpretation of igneous rocks. George Allen and Unwin. 450 pp.

Ehlers, E. G., 1972. The interpretation of geological phase diagrams. W. H. Freeman. 280 pp.

Ehlers, E. G., and Blatt, H., 1982. Petrology: igneous, sedimentary, and metamorphic. W. H. Freeman. 732 pp.

Frost, B. R., and Frost, C. D., 2013. Essentials of Igneous and Metamorphic Petrology. Cambridge University Press, 314 pp.
Hall, A., 1987. Igneous Petrology. Longman Scientific and Technical, 573 pp.

Hatch, F. H., Wells, A. K. and Wells, M. K., 1972. Petrology of the igneous rocks. London: Thomas Murby & Co., 551 pp.

Hughes, C. J., 1982. Igneous Petrology. Developments in Petrology, v. 7, Elsevier. 551 pp.

Hyndman, D., 1985. Petrology of igneous and metamorphic rocks. 2nd edition. McGraw Hill, 533 pp.

McBirney, A., 2007. Igneous Petrology. Jones and Bartlett Publishers. 550 pp. (older edition of 1984 available in the library; new edition on order)*.

Middlemost, E., 1985. Magmas and magmatic rocks. Longman Scientific and Technical. 266 pp.

Morse, S. A., 1980. Basalts and Phase diagrams. Springer Verlag. 493 pp.

Ragland, P. C., 1989. Basic analytical petrology. Oxford University Press, 369 pp.

Philpotts, A. R., 1990. Principles of igneous and metamorphic petrology. Prentice Hall.

Philpotts, A. R., and Ague, J., 2009. Principles of igneous and metamorphic petrology. Cambridge. 667 pp.

Wager, L. R., and Brown, G. M., 1967. Layered igneous rocks. W. H. Freeman, 588 pp.

Williams, Turner and Gilbert, 1982. Petrography: An introduction to the study of rocks in thin sections. 2nd edition, W. H. Freeman and Co.

Wilson, M., 1989. Igneous Petrogenesis. Unwin Hyman, 466 pp.

Yoder, H., 1979. The evolution of the Igneous rocks. Princeton University Press, 588 pp.

Metamorphic Petrology
Barker, A. J., 1990. Introduction to metamorphic textures and microstructures. Blackie, 162 pp.

Kretz, R, 1994. Metamorphic crystallization. John Wiley & Sons.

Mason, R., 1978. Petrology of metamorphic rocks. Allen and Unwin, 254 pp. (There's a second edition that came out 3 years ago).

Miyashiro, A., 1973. Metamorphism and metamorphic belts. Allen and Unwin, 492 pp.

Miyashiro, A., 1994. Metamorphic Petrology. University College London Press, 404 pp.

Philpotts, A. R., 1990. Principles of igneous and metamorphic petrology. Prentice Hall.

Spear, F. S., 1993. Metamorphic phase equilibria and pressure - temperature - time paths. Mineralogical Society of America, Monograph 1, 799 pp.

Spry, A., 1969. Metamorphic textures. Pergamon Press, 349 pp.

Turner, F. J., 1981. Metamorphic Petrology. 2nd edition. McGraw Hill, 524 pp.

Winkler, H. G. F., 1979. Petrogenesis of metamorphic rocks. Fifth edition, Springer Verlag, 348 pp.

Wood, B. J. and Fraser, D. G., 1977.* Elementary Thermodynamics for Geologists. Oxford Science Publications, 303 pp.

Yardley, B. W., 1990. Introduction to metamorphic petrology. Longman, 230 pp.

Yardley, B. W., Mackenzie, M. S. and Guilford, C., 1990.* Atlas of metamorphic rocks and their textures. Longman.

Ernst, W. G., 1976. Petrologic phase equilibria. W.H. Freeman and Co., 333 pp. 

Greenwood, H. J., 1977 (ed). Application of thermodynamics to petrology and ore deposits. Min. Assoc. Canada, short course #2.

Faure, G. Principles of Isotope Geology. John Wiley and sons.

Ferry, J. M. (1982, ed). Characterization of metamorphism through mineral equilibria. Reviews in Mineralogy, V 10.

Spear, F. S. and Peacock, S. M., 1989. Metamorphic Pressure - Temperature - Time paths. AGU short course, V. 7.

Vernon, R., & Clarke, G., 2008. Principles of Metamorphic Petrology. Cambridge. 440 pp.

Syllabus

	Lecture
	Topic
	Reading

	1
	I- Introduction: What is petrology? (petrography and petrogenesis); Occurrence and abundance of igneous rocks in the crust and mantle; Importance of studying igneous petrology; Composition of the crust and mantle; Formation of the crust, mantle and core 
	2-9; 183 - 187

	
	
	

	2- 3
	II- Magmas and Lavas
	

	
	Definitions: magmas and lavas
	notes

	
	How do magmas form? 
	12-19; 93-95; 129-133;187-200

	
	Chemical composition of magmas
	Notes, 139 - 141

	4
	Structure of silicate liquids: Network formers and network modifiers
	notes

	
	Volatiles in magmas
	notes

	
	Physical properties of magmas: Temperature, Thermal conductivity and specific heat; Viscosity; Density 
	notes

	
	Migration of magmas: Diapiric rise and stoping – Convection; Igneous structures: Plutonic and volcanic structures 
	Ch 4

	
	
	

	4 - 5
	III- Classification of igneous rocks
	

	
	A- Mineralogical classifications
	Ch 2

	
	B- Chemical classifications: Major, Minor and trace components of igneous rocks; Shand's classification; Concept of Al2O3 saturation; Peacock's Alkali-Lime Index (ALI); Total Alkali - Silica diagram; CIPW norms; Basalt tetrahedron 
	141 – 142; 152 - 155

	
	HW # 1: CIPW norms and classifications
	

	
	V- Parental magmas and igneous rock series
	

	6 - 7
	Rock Suites, Primary and parental magmas, Types of primary magmas
	notes

	
	Variation diagrams for the identification of igneous rock series- AFM diagrams- changes in the chemical composition of minerals and the pyroxene quadrilateral; Identification of the source of parental magmas 
	142-152

	
	
	

	
	VI- Phase equilibria in igneous petrology and crystallization of magmas
	

	8
	Phase rule
	95 -98

	8
	One component systems
	98-100

	8 - 10
	Two component systems: Lever rule and some basic principles; Systems with eutectic melting points: Diopside – Anorthite; Incongruent melting: Qz – Leucite; Systems with complete solid solution: Ab – An; Systems with incomplete solid solution: Ab - Or 
	100-111

	
	HW 2: Binary Phase diagrams
	

	11
	MT Exam 1 (~ Feb 19; TBA a week before)
	

	12 - 13
	Three component systems: some basic principles and examples
	113-122

	13
	Crystallization of magmas and phase diagrams: some basic principles and the Bowen reaction series.
	124-126

	
	HW 3: Ternary phase diagrams
	

	14, 15
	VII- Magmatic diversification: Mechanisms of magmatic diversification: Fractional crystallization: Crystal settling and filter pressing; Assimilation; Liquid immiscibility; Liquid vapour fractionation; Magma mixing; Partial melting 
	202-221

	16, 17
	The Skaergaard Intrusion as a natural lab for closed system fractionation?
	222-242

	17
	The Semail ophiolite as an example of open system crystallization.
	244 - 250

	
	
	

	18, 19
	XI- Plate tectonic setting of igneous rocks
	notes

	
	Mid oceanic ridges and types of MORBs
	Ch 13 (browse)

	
	Oceanic intraplate activity
	Ch 14 (browse)

	
	Intraplate Igneous activity
	Ch 15, 19 (browse)

	
	Convergent plate boundaries: Calc-alkaline rock associations
	Ch 16, 17 (browse)

	
	
	

	20
	MT Exam 2: Igneous Final (March. 20?)
	

	
	
	

	21
	Introduction to metamorphism: Definitions; Scope of metamorphism; Objectives of studying metamorphic rocks; Types of metamorphism 
	446-458

	
	
	

	
	Metamorphic Textures (lab)
	477-514

	
	
	

	22, 23
	Metamorphic facies, Bathozones, bathograds, isograds and metamorphic zones; Metamorphic facies series.
	537 - 551

	24
	Notes on equilibrium and the phase rule 
	518-522

	
	
	

	24, 25
	Graphical representation of phase relations 
	522 - 535

	
	
	

	26, 27
	Types of metamorphic reactions
	558-571; 574 - 577

	
	HW 4: Metamorphic reactions
	

	28
	Geothermometry & geobarometry
	587-601

	
	
	

	28, 29, 30
	P-T-time paths and Plate Tectonics
	551 – 555; Spear: 508-512; Ernst, 2010


Final Exam (Metamorphic Final): T May 3, 12:45 p.m. – 2:45 p.m.

Lab final exam: W April 27, 3:00 – 5:00 p.m.
