Geology 308

Metamorphic Petrology

Spring Semester 2011
Instructor: 
David Mogk

                  
219 Traphagen

                   
994-6916

                  
  mogk@montana.edu

     
 Office hours : by appointment  or stop by, or Tu-Thurs 12:00
 
Textbook:  J. Winter, An Introduction to Igneous and Metamorphic Petrology, 2nd ed.
       Prentice Hall, 2010
Web Resource:  Teaching Heterogeneous Phase Equilibria:  http://serc.carleton.edu/research_education/equilibria/index.html
Course Goals:  


a) Mastery of content--fundamental principles, metamorphic processes, tectonic setting of metamorphic belts 

b) Mastery of skills--rock identification, petrography, data analysis (e.g. applications to thermobarometry); information/literature skills, writing, verbal, and quantitative skills will also be practiced.


c) Integration of principles, observations, critical review of the literature in metamorphic petrology to gain a better understanding of the earth system. 


The content will focus on solid state changes in the earth’s crust as a result of chemical and mechanical processes. Starting with simple systems, we’ll consider the nature of metamorphic reactions (ultramafic rocks), the facies concept (mafic rocks), continuous reactions (related to changing mineral compositions due to solid solution; pelitic rocks), mixed volatile equilibria (carbonate rocks), production of migmatites (metamorphic-melt equilibria), quantitative geothermobarometry, pressure-temperature-time paths, and metamorphic tectonites. Skill development will include:  observation and description of the metamorphic rocks, interpretation of metamorphic processes, integration of metamorphic petrology into models of orogenesis, optical and petrographic skills, library research, and report writing.  In the latter half of the class we will look at  a number of different case studies of metamorphic terranes:   the Limpopo Belt, South Africa, the Brazilian Proterozoic mobile belts,  the North Cascades, metamorphic core complexes.  

Class format will be as interactive as possible, relying on demonstrations and discussions. Preparation for class (mostly reading assignments—textbook  and from the geologic literature) and participation in class discussions is expected.   Collaborative work in the lab is encouraged, but you are ultimately responsible for submission of your own lab work and class exercises. Periodic problem sets will demonstrate principles and applications of metamorphic petrology.
Grading


Lab Reports (thin section descriptions)

35%


Problem sets





35%


Term Paper (TBA—modern topics in met pet)
10%


 Final Exam





20%

Schedule:
Week of
Topic

Jan 13

Introduction (Chapter 21); Classification (Chapter 22)

Jan 18
Stable Mineral Assemblages; Projections (Chapter 24); Phase rule, chemographies, projections; 
focus on ultramafic rocks (Chapter 29); 

Review of Mineral Optics; Intro to Petrography (lab)

Jan 25
 
 Metamorphic Facies, Metamorphosed Mafic Rocks (Chapter 25)



Assemblages, Facies Series, Tectonic significance

Feb 1

 Metamorphic Reactions  (Chapter 26)



Phase transformations, exsolution, solid-solid net transfer reactions, 


continuous and discontinuous reactions, devolatilization reactions, ion 


exchange reactions, redox reactions, chemographic representations, 


Method of Schreinemakers, petrogenetic grid, reaction mechanisms

Feb 8

 Thermodynamics of Metamorphic Reactions (Chapter 27)



Gibbs free energy, calculation of mineral equilibria, influence of fluid 


species, influence of compositional variation

Feb 15

 Thermodynamics cont’d; Geothermobarometry

Feb 22

 Metamorphism of Pelitic Rocks (Chapter28); Barrovian Sequence, 


 continuous and discontinuous reactions due to solid solution

Mar 1
 
Metamorphism of Calcareous/carbonate rocks(Chapter 29)



Mixed volatile Equilibria

March 8
 Metasomatism, Mass Transport (Chapter 30); Migmatites (Chapter 28)

March 15
  Spring Break

March 22
  Structures and Textures of Metamorphic Rocks (Chapter 23)

Mar 29

 Metamorphic Tectonites cont’d
April 5

 PTt Paths, thermochronology; Chapter 27, readings from Spear

April 12
Case History I:  The Limpopo Belt, S. Africa  OR Class presentations of 


modern applications/research in metamorphic petrology
April 19
Case History II:  Brazilian Proterozoic Mobile Belts
April 26 
Case History III:  The North Cascades, WA
Final Exam
  Friday May 6 8-10 OR Take-Home (TBD)
