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Prerequisites

Remarcably, students must have acquired the previous competences related to previous matters as
Fundamentals of Geology, Chemistry, Physics, Mathematics, Mineralogy, Petrology (Sedimentary and
Igneous), Geochemistry and Structural Geology I.

In particular, the following concepts are recommended to be fresh:

A basic knowledge on the Earth internal structure, Minerals and Rocks, Internal Geological Processes,
Metamorphism and Magmatism
Fundamentals of Thermodynamics and Chemical Kinetics, in particular those related to solid-solid
reactions or basic phase diagrams knowledge
Energy in the form of work and heat and temperature
The systems of equations, matrix algebra and calculus (functions and their derivation and integration)
The composition, crystal Structure and crystal-chemistry of the main rock forming Minerals and its main
genetic environments
Basic concepts in Optical mineralogy
The classification, nomenclature, main mineralogical, textural and geochemical characteristics and the
genesis of the main igneous and sedimentary rocks
The geochemistry of diagenetic and endogenous processes (magmatic, metamorphic and interaction
between fluids and rocks at high pressures and temperatures, Stress-strain relationships, rheology,
main characteristics of the fragile and ductile regimes of deformation and the different structures related
to both regimes, their description at different scales and their graphical representation through schemes
or maps.

Objectives and Contextualisation

The main objectives of the subject are:
                                                                    Learn the characteristics of metamorphism and metamorphic rocks: mineralogical, textural, geochemical, genesis and geotectonic contexts.
                                                                    Learn to classify and name the different types of metamorphism and metamorphic rocks.
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                                                                    Learn to classify and name the different types of metamorphism and metamorphic rocks.
                                                                    Learn the basics of the modern methods in Metamorphic Petrology and its main historical landmarks.
                                                                    Learn to identify and interpret the microstructures of metamorphic rocks in hand sample and the petrographic microscope.
                                                                    Learn the different processes and factors that characterize petrogenesis of metamorphic rock and the tools to characterize them.
                                                                    Learn to identify the different types of metamorphic rocks in hand samples and the microscope.
                                                                    Learn to describe and represent graphically and interpret the petrographic data on mineralogy and texture and the geochemical observation datasets.
                                                                    Learn the basics of the integration of observation data with petrogenetic theory, in a quantitative way, using physico-chemical, mathematical and computer science tools.

- Theory: Unit I- To have a global vision of metamorphic phenomena, emphasizing the following aspects: definition, typology, types of geological contexts, relationships with global tectonics and the rela
ture, coexistence withfluids and kinetic variables. To know the basics of the nomenclature of the metamorphic rocks and of the work methodology. Unit II-To know the theoretical basics of the chemical-mineralogical and textural analysis and how they are used to find out the evolution of metamorphic rocks. Learn how to gain information on 

 from observable variables as the chemistry-mineralogical and textural data.non-observable variables such as pressure and temperature of formation, age of metamorphism and characteristics of the fluid present during metamorphism

 
                                                               - Laboratory Practicals: Know how to recognize metamorphic minerals (main silicates and non-silicates) in the thin section, in hand sample (a representative set), metamorphic microstructures and the main types of metamorphic rocks (both aspects in the thin section and in hand sample). Know how to apply the nomenclature of metamorphic rocks. Understand the basic tools of representation and description of metamorphic mineral assemblages.
                                                                - Field Practicals: Know the fundamental tools of the field study of metamorphic rocks. Learn to recognize the main minerals, textures and rocks in their outcrops.

Competences

Draw up and interpret geological maps and other means of depicting geological information (columns,
correlation frames, geological cross-sections, etc.)
Identify and characterise minerals and rocks through instrumental techniques, determine their formation
environments and know their industrial applications.
Learn and apply the knowledge acquired, and use it to solve problems.
Process, interpret and present laboratory data using qualitative and quantitative techniques, and
suitable computer programmes.
Show an interest in quality and incorporate it into practice.
Suitably transmit information, verbally, graphically and in writing, using modern information and
communication technologies.
Synthesise and analyse information critically.
Work independently.

Learning Outcomes

Learn and apply the knowledge acquired, and use it to solve problems.
Present arguments based on phase diagrams.
Recognise the principal types of rocks in hand specimen and using a petrographic microscope.
Relate each type of rock to its genesis and the temporal dimension.
Relate field observations of minerals and rocks to laboratory observations and to genetic theory, based
on the textures.
Show an interest in quality and incorporate it into practice.
Suitably transmit information, verbally, graphically and in writing, using modern information and
communication technologies.
Synthesise and analyse information critically.
Work independently.

Content

THEORY:
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Unit I. Fundamentals
                                                                L1. Metamorphism (1.5h). Definition. General context. Limits. Causes: steady state, perturbations and transient states of the Lithosphere Geothermal function. Factors: pressure, temperature, fluid, stress-deformation, bulk composition. Types of metamorphic changes: mineralogical change and textural change.
                                                                L2. Types of metamorphism (4h). Relationship with plate tectonics. Regional metamorphism in divergent plate margins: burial metamorphism, ocean ridge metamorphism. Regional metamorphism in convergent plate margins: orogenic metamorphism. Subduction and collision stages. Local metamorphism: contact metamorphism, high-strain metamorphism and impact metamorphism.
                                                                L3. Metamorphic Rock Nomenclature (2h). Basic structure. Terms referring to the Protholit. Terms that refer to textures and fabrics. Special terms: mineralogical adjectivation. Terms relating to P-T conditions. Conclusions.
                                                                L4. Methodology * (1h). Summary of the history of the Metamorphic Petrology. The modern method: Limitations, types of approaches: empirical, experimental and theoretical. Introduction to Metamorphic Petrogenesis: observable and non-observable variables. The equilibrium model. Objectives of the Metamorphic Petrology. (*) Recomended reading of a book chapter or paper.
                                                                
Unit II. Factors and variables of metamorphism
                                                                L5. Texture and Fabric (2h). Introduction: definitions and nomenclature. Mass transfer. Difusion. Nucleation, growth and resorption. Deformation.  Textures of static recrystallization: granoblastic, porphyryblastic. Reaction textures. Deformational textures: Foliations and lineatiions. Cataclastic and milonitic textures. Crystallization-deformation relationships.

L6. The mineral assemblage (4h). Definitions. Mineral equilibria: Evidence. The Phase rule. The mineral composition: phase components. Compositional spaces for silicates: relationships with its crystal structure. The bulk composition of metamorphic rocks: System c
. Mode. The relationship between mode, mineral composition and bulk composition. Representation: compatibility diagrams. Index minerals and key assemblages. Metamorphic grade. Zones and Isograds. Metamorphic reactions. The metamorphic Facies: historical and current vision of the concepts. Facies Series. Metamorphic field gradient (MFG).omponents

                                                                L7. Pressure, temperature and time (P-T-t) (2h). Lithostatic pressure vs. stress. The Lithospheric Geotherm and heat flow. Geotherm estimation using surface measures. Theoretical calculation of Geotherm. The heat flow equation. P-T-t Paths. Simple models for P-T-t evolution: model of a laminar magmatic intrusion, crustal thickening models of collisional orogens and mixed imodels of crustal thickening with magmatic intrusions. Duration of the metamorphic events. Characteristic velocities: kinetic metamorphic changes. Geocronology concepts. The closing temperature. Dating methods. The P-T-t paths and their relation to Geotherm and MFG.
                                                                L8. Fluids (2h). Introduction. Importance. Evidences of its existence during metamorphism. Characteristics of the fluid phase: quantity, physical state, composition, location. Mechanisms of mobility. Influence of fluids on metamorphic reactions: internal control vs. external control.

Practical classes:
                                                                
Unit I. Microstructures of metamorphic rocks
                                                                Practical 1. Granoblastic microstructures (2h). Procedures for textural analysis of metamorphic rocks. Polygonal granoblastic microstructure. Decusate granoblastic microstructure. Porfiroblastic microstructure with a granoblastic poligonal or decussate (or mixed) matrix.
                                                                Practical 2. Reation microstructures (2h). Compositional zonning in metamorphic minerals. Overgrowths and coronas. Pseudomorphism. Simplectites. Exolution lamellae.
                                                                Practical 3. Deformational microstructures (2h). Oriented Granoblastic. Lepidoblastic. Nematoblastic. Porphyroblastic with oriented matrix. Porphyroclastic milonític and cataclastic.
                                                                
Unit II. Metamorphic Rocks
                                                                Practical 4. Metabasites (4h). NCFMASH system and ACF diagram. Petrogenetic grid. low to medium P facies series: greenschists. amphibolites and garnet bearing amphibolites, mafic granulites. High P facies series: Blueschists. Low-T eclogites, eclogites and retroeclogites.
                                                                Practical 5. Metapelites (4h). KFMASH system and influence of other elements (Mn, Ca, Na). The AFM Diagram. Petrogenetic grid. Metapelites of the medium P facies series (Barrow): Slates - Phyilites, Schists, pelitic gneisses. Metapelites of the low P facies series (Buchan): Motlded slates, schists and pelitic hornfels.
                                                                Practical 6. Quartz-feldspatic rocks (2h). KNASH system. AKN Diagram. Nomenclature: semi-pelites, metapsamites and meta-granitoids. Main mineralogical changes.
                                                                Practical 7. Marbres and Calcsilicate rocks (2h). CMS-HC system. CMS diagram. T - X CO2 diagrams: metamorphisms with internal or external buffering of reactions. Major mineralogical changes in pure marbres, dolomitic marbres and calcsilicate marbres along medium and low P gradients.

Methodology

Guided activities:
                                                                
Theory:
                                                                The main method of the classes will be Master Lessons. It is of the utmost interest that these be participative. Students are provided, through this guide and the Virtual Campus, of some contents of the presentations used by the teacher in class, as well as apropriate links to increase their knowledge.
                                                                
Practical classes:
                                                               
                                                                They consist of studying a set of petrographic thin setions and metamorphic rock hand samples. The classes are structured in: a) a short introduction by the teacher, where an explanation of the materials to be seen is provided, as well as on their methods of study and description. The video monitor system 

 is eventually use and b) the students perform systematic observations of mineralogical and textural types doing annotations and designs, which will have to be incorporated into a practical dossier that will be delivered in two parts (Dossier 1 and Dossier 2), for evaluation. Some practicals may also incorporate exercises or problems that students will receive prior to the date of delivery of the corresponding dossier, they will have to solve and deliver along with this dossier. Attendance is evaluated for practical classes and a minimum attendance (see assessment) is required to pass the subject.coupled to the teacher's microscop
                                                                
Field Practice:
                                                                A full day field trip with observation of main characteristics of the metamorphic rock outcrops. The main metamorphic rock types and the main related structures can be observed. The field excursion will take place in an area to be determined (Pyrenean axial zone, Costa Brava or Catalan Coastal Ranges - Montseny-Guilleries massifs). Attendance is mandatory. At the teacher's discretion, it may restrictattendance at the departure (see details in the assessment section) for those students who have not fullfilled previous requirements on the subject (e
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ie. non-justified absence in 4 or more practical classes or systematic non-atendance in theoretical classes). Non-attendance due to major causes (mostly medical issues) must be justified documentally.

Supervised activities:
                                                                Tutorials: students have the possibility to arrange (e-mail) personalized tutorials 

 or to make them using the communication tools of the Moodle virtual campus.with the teacher
                                                                
                                                               Work on a topic in group:
                                                                Group work on different aspects of the metamorphic rock outcrops to visit during the field trip or related. Each group will have to emphasize a different aspect. These group works will be monitored on demand of the students who can arrange (e-mail) a tutorial session with the teacher. Depending on schedule, a short ppt presentation (15 ') will be done in a special session prior to the field trip. All students must attend all grup presentations, due to their introductory character for the field trip. It will also be necessary to present a written work (minimum 10 A4 double-sided sheets, including duly credited figures - with a predetermined format that will be communicated), which should include a minimum of field and / or laboratory observations about the aspects that are dealt with at each work.
                                                                
Autonomous Activity:
                                                                It is recommended that the student dedicate a minimum of 80 hours throughout the semester to the autonomous study activities, readings, bibliographic or virtual campus (Moodle) consultations, elaboration of group work, self-assessments. To facilitate these tasks it is advisable to use the Moodle Virtual Campus (CV) of the subject as the basis for information and orientation for study.
                                                                
Virtual Campus (CV) - Moodle Classroom:
                                                                It is mainly about providing students with new connections with the subjects of study, many different from those provided in the theory 

 classes, giving the possibility of connecting with subject contents during autonomous work time, promoting interactivity between the students and the teacher and between the students themselves through use of e-mail and discussion forums and give students the opportunity to self-evaluate.and practical

Activities

Title Hours ECTS Learning Outcomes

Type: Directed

Field trip 7 0.28 8, 1, 6, 5

Practices 20 0.8 8, 1, 6, 2, 3, 5, 7, 9

Theory 24 0.96 8, 2, 4, 5

Type: Supervised

Group work controls or tutorials (desk C2/162) 0 0 8, 1, 6, 7, 9

Type: Autonomous

Study, reading, confection of grup work, autoevaluation through CV 86 3.44 8, 1, 6, 2, 3, 4, 5, 7, 9

Assessment

The learning results are evaluated with CONTINUOUS EVALUATION (CA). The presentation to 35% of the CA, implies that the qualification can not be "Not presented". If the continuous evaluation is not passed (qualification in CA < 5 points) the student will have to do the FINAL EXAM, THAT CAN INCLUDE CONTENTS OF ANY PART OF THE SUBJECT. Passing the Final exam implies a mark equal to or greater than 5 in this exam. Students that do not pass the CA and are not presented or presented and do not pas the Final exam will have a "Suspens" mark. If the CA is passed, students can still do the final exam to improve its mark. Doing the final exam implies doing all its parts (theory, practical and field exam parts).
                                                                
                                                               CONTINUOUS EVALUATION (CE):
                                                                
1. THEORY:
                                                                Qualification of two partial Theory exams. Each will consist of two parts: part a) multiple choice test and part b) a set of short answer questions or interpretation comments on subject figures.
                                                                The weighting of each theoretical exam is 20% of the CE.
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2. PRACTICALS:
                                                                a) Qualification of two partial exams. In the first exam students will have to describe the mineralogical and textural aspects of a thin section and interprete a set of photographs or graphics on textural relationships. In the second exam students will have to interpret the mineralogical, textural aspects of a thin section and also name the type of rock of a thin section and a hand sample. Students must recognize the mineralogy (5 points in the first exam / 3 points in the second exam) and the textures, (2 points) and do a corresponding design locating the main textural and mineralogical features (2 points in the first exam / 3 points in the second exam) and the type of rock must be identified according to the criteria of main bulk compositional group, texture and mineralogy (2 points - only in the second exam). In addition, the first exam includes a leaf with figures (photos or diagrams) where the students will have to identify the main textures  (3 points only in the first partial). With regard to the hand sample, the description will be made (using the criteria that will be indicated throughout the course) and identify it (call it according to the standard IUGS nomenclature for metamorphic rocks) (2 points - only in the second partial). The textures of the thin sections and rocks must be drawn in color pencils. During the exams it will only be possible to consult own dossiers prepared beforehand. Those dossiers must be submitted together with the partial exam. In no case there be allowed to consult notes or books, internet or photo collections during the exams.
                                                                The weighting of each practical exam is 15% of the CE.

b) Qualification of two Dossiers of Practicals. The dossiers must be submitted at the same time the corresponding partial exam is delivered. If these dossiers are not delivered, it will imply the NO presented in this exam and the obligation to attend the final exam.
                                                                The Dossiers must contain the minimum descriptions detailed below:
                                                                Practical 1: Textural layout and description (texture) of 1 thin section having Granoblastic texture and 1 thin section having granoblastic texture.
                                                                Practical 2: Description and textural scheme of 1 thin section Reaction textures.
                                                                Practical 3: Description and textural scheme of 1 thin section with deformational textures.
                                                                Practical 4: Description of the mineralogy, microstructure and classification of 2 thin sections of metabasites (to be chosen from amphibolite, granulite, eclogite or blueschist. The 2 samples must be of different facies). Plus 1 metabasite hand sample description.
                                                                Practical 5: Description of the mineralogy, microstructure and classification of 2 thin sections of metapelites (schist, pelitic gneiss, mottled schist or pelitic hornfels). Plus 1 metapelite hand sample description (from the regional series or the contact series).
                                                                Practical 6: Description of the mineralogy, microstructure and classification of 1 thin section. Plus 1 hand sample  of a quartz-feldspatic rock.
                                                                Practical 7: Description of the mineralogy, microstructure and classification of 1 thin section of marble / calcosilicate rock. Plus 1 hand sample of a marble or calcosilicate rock.

The final part of the dossier must also contain the reasoned solution of the exercises / problems or tests that have been proposed. These exercises / problems, with a guide for their resolution, may be sent by the teacher and delivered by the students using the file deliver facilities available in the Campus Virtual Moodle) or inprinted format.
                                                                Drawing schemes will be done in practice class sessions and can be completed at home. A minimum level of quality (at the teacher's discretion) must be achieved.
                                                                The weighting of each dossier is 5% of the CE.

c) Qualification of  attendance to the Practices.
                                                                It will be assessed through a signature control at the end of each practice session.
                                                                The weighting of the attendance to the practices is 2.5% of the CE. The total weight of the practices is 35% of the CE.
                                                                
3. FIELD:
                                                                The evaluation of the field contents involves the following:
                                                                a) Field test / exams that will be incorporated into the second exam. Weighting 5% of the CE.
                                                                b) Qualification of group work contents, after its presentation in written format (format will be specified). Weighting 7.5% of the CE.
                                                                c) Qualification of the oral or written (poster) presentation (about 15 ') of the group work prior to the assigned field day. In groups of students (the number of groups will be set). According to the number of students it will be determined if the intervention of all is necessary (in this case grading will be personalized) or only 1 or 2 representatives of the group should intervene (in this case grade will be equal to all group members). Weighting 5% of the CE. Depending on schedule during the semester, this activity can be supresed. In this case, weighting of b will be 7.5 + 5 %

 is obtained as a result of the following weighting: [theory exam 1 (on 10 points basis) x (0.20)] + [theory exam 2  (on 10 points basis) x (0.20 ) [+] [Practice exam 1 (The FINAL QUALIFICATION FOR CONTINUOUS EVALUATION (AC):
)x (0.15)] + [on 10 points basis

Practice exam 2 
] +  dossier  1 () x (0.15)on 10 points basis

) x (0.05)] + [dossier 2 (on 10 points basis
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) x (0.05)] + [dossier 2 (on 10 points basis

) x (0.05)] + [practice attendance  (on 10 points basis

) x (0.025)] + [field TEST  (on 10 points basis

) x (0.05) ] + [qualification of group work contents (on 10 points basis

) x (0.075)] + [ORAL PRESENTATION  (on 10 points basis

) x (0.05)]. The minimum mark of any of the partial theory or practices in order to be able to do the previous calculation must be ≥ 3. To pass the subject by continuous evaluation, students must obtain a minimum score of 5 points in this calculation. The contents of the group work will be evaluated on a written version that must be presented when determined (if not indicated otherwise on the day of the second exam) and in any case before the Final exam, in the format that will be indicated. The marks on group work, on the two practice dossiers and on the presentation will be final at the time of calculating the AC mark (so they are not recoverable).on 10 points basis

  FINAL EXAM: Students who have not passed the subject on CE or those who have passed but want to have an option to improve their marks may submit to a FINAL EXAM. This exam will have a theoretical part (same format as in exam 1), a practical part (same format as in 2nd exam) and a field test part (short questions). It is an indispensable condition for students that already have passed by CE that they inform the professor of their intention to come and do the final exam beforehand in the term that it will established for the purpose (those that don't informwill not be allowed to acces the final exam). The need to inform is not mandatory for students that have not passed the previous CE.

 l is obtained as a result of the following weighting: [mark on theory (on 10 points basis) x (0.40)] + [mark on practices (on 10 point basis) x (0.40)] + [field test mark (The FINAL QUALIFICATION
) x (0.10) + [group work (on 10 point basis
) x (0.05) + [oral presentation of group work (on 10 point basis
 x (0.05)]. The minimum mark of the parts of theory or practices to be able to do the previous weighting must be ≥ 3. In the Final exam, any of the contents of the course, both theory and practice, laboratory or field, can be evaluated. The greatest mark between the one obtained in the final exam and the average mark (exam 1 + exam 2 theory) will be taken for Theory. To calculate the final mark of Practices, the greatest mark between that obtained in the final exam and that obtained in exam 2. The last sentence applies also for final mark on field test. If the final mark of theory or practices is less than 3, then even though the previous calculation is ≥ 5 the final grade on the subject will be reduced to 4.9 (not passed).on 10 point basis

                                                                For the previous calculations, any non-presented equals a mark of 0. The note will be: a) for the students who pass the CE and presented to the Final exam: The superior mark (AC or Final exam); b) for students who pass the CE and do not present to the final exam (or do not submit any of the final exams, be it the theory, the practical or the field parts): CE mark c) for the students with non passed CE and presented to the final exam: The superior mark (CE or final exam). d) The presentation to <35% of the CE implies not beingable to the final exam and the final grade will be NOT PRESENTED. e) The presentation to ≥ 35% of the total of the continuous evaluation supposes the impediment to obtain the NOT PRESENTED mark.

Assessment Activities

Title Weighting Hours ECTS
Learning
Outcomes

1st Dossier / exercices 5 0 0 8, 1, 6, 3, 5,
7, 9

1st Exam Practices 15 2 0.08 1, 6, 5, 7

1st Exam Theory 20 2 0.08 8, 1, 6, 4, 5,
7

2n Exam Practices / Excercices 15 2 0.08 8, 1, 6, 2, 3,
5, 7

2n Exam Practices / Excercices 5 0 0 8, 1, 6, 2, 3,
5, 7, 9
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2n Exam Theory 20 2 0.08 8, 1, 6, 2, 4,
5, 7

Assistance to Practices 2,5 0 0 8, 1, 6, 2, 3,
5, 7

Group work contents (matter related to the field trip) 7,5 0 0 6, 7

Oral presentation or submission in pdf (electronic format 15') of course
work in group

5 4 0.16 8, 1, 6, 2, 4,
5, 7, 9

Test/Fied exam 5 1 0.04 8, 1, 6, 3, 5,
7
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