Introduction to the training course on crustal melting: migmatites and granites

This training course is aimed at graduate students, post-doctoral researchers, early career scientists and others seeking an in-depth understanding of the processes and timescales associated with the generation, segregation and migration of melt that ultimately forms granite plutons. On the first day, after an introduction to high-grade metamorphism and crustal melting, we will recommend a process-based approach to understanding migmatites (metamorphic rocks formed by partial melting). This will be followed by an introduction to phase equilibrium modeling and its application to crustal melting, before we consider open versus closed system melting and then examine evidence of melting and melt migration at outcrop. On day two, we will first assess how the crust gets hot enough to melt, before we learn how to decode the microstructures (textures) of migmatites and appraise the behavior of accessory minerals during the melting process. We will also consider the phase petrology, melting reactions and melt productivity of metapelites and greywackes, and learn about modeling trace element partitioning in suprasolidus systems. Day two will conclude with an assessment of the timescales of crustal melting based on geochronology. On the last day, we will begin by investigating the phase petrology, melting reactions and melt productivity of metabasic rocks, before evaluating the controls on the Th/U ratios of suprasolidus metamorphic zircon and the use of Nd–Hf–O isotopes (whole-rock and zircon) in evaluating crust–mantle interactions and crustal growth versus crustal reworking. Lastly, we will discuss how melt flow through the crust is organized from the different viewpoints of the bottom up (migmatites) and the top down (granites), and consider the petrogenesis of tonalite–trondhjemite–granodiorite (TTG) suite rocks. There will be time at the end of each day for questions and general discussion of the day’s topics, including any disagreements and the best approaches for future studies.

Introduction to lecturers

Michael Brown, Professor, Univeristy of Maryland, USA

Michael Brown is a Professor of Geology at the University of Maryland in the USA. He obtained his BA and PhD degrees from the University of Keele in the UK. Brown held academic appointments at the rank of Lecturer to Professor in the UK between 1972 and 1990, including eight years as a Head of Department. In 1990, he moved to the USA as Professor of Geology and Chair of Department at the University of Maryland. Brown served as Chair for 21 years; in 1998–2000 he was concurrently the Interim Director of the Earth System Science Interdisciplinary Center. Brown has held visiting appointments at Kingston University, Kyoto University, the Universidade do Estado do Rio de Janeiro, the Johannes Gutenberg-Universität Mainz, Curtin University (twice) and ETH Zurich.

Brown’s research has contributed to understanding the petrogenesis of migmatites and associated granites, high/ultrahigh temperature and high/ultrahigh pressure metamorphism, the tectonics of metamorphic belts and secular change in metamorphism. This work has furthered our knowledge of processes associated with reworking and differentiation of the continental crust, particularly how heat and mass are transferred, the role of crustal melting in the development of orogens, and the secular evolution of geodynamic regimes on Earth. Brown founded the Journal of Metamorphic Geology in 1982 and has contributed extensive service to several major scientific societies, most recently as President of the Mineralogical Society of America in 2018. In recognition of his accomplishments, Brown received the Major John Sacheverell A'Deane Coke Medal from The Geological Society for 2005 and the Collins Medal from The Mineralogical Society of Great Britain and Ireland for 2014; in 2018 he was the 51st Hallimond Lecturer of The Mineralogical Society.

Chris Clark, Professor, Curtin University, Australia

I received a BSc (Hons) degree from the University of Adelaide in 2001, and completed my PhD in 2006, also at Adelaide. I joined Curtin in 2007 to commence a five year Targeted Postdoctoral Research Fellowship. I held an Australian Research Council DECRA and a Curtin University Research Fellowship that ran until 2017. I am now a teaching and research professor. Whilst primarily a metamorphic geologist, my research interests span the fields of metamorphic geolology, geochemistry, geochronology, structural geology and tectonics. My principal research interests are high-T and ultrahigh-T metamorphism; fluid flow in mid-crustal rocks; the P–T–t–d evolution of metamorphic belts, and the application of petrology to understanding orogenic evolution. My research utilizes a range of analytical and modeling techniques, and is built on observations made in the field. I have currently active research interests in the Neoproterozoic Southern Granulite Terrane in India, the Albany Fraser Orogen in southwestern Australia (the links between crustal evolution, magmatism, metamorphism and mineralization), East Antarctic Archean and Proterozoic high-grade metamorphic terranes, Rogaland (Norway), the UHT Eastern Ghats Belt (India) and the high to ultrahigh pressure Western Gneiss Complex in Norway. In addition to my research interests I am actively involved in the editorial side of publishing where I am currently one of the science editors of Geology and serve on the editorial boards of Lithos and the Journal of Metamorphic Geology. I was the metamorphic subject editor of the Journal of the Geological Soiety (London) from 2007 until 2017.

Tim Johnson, Senior Lecturer, Curtin University, Australia

Tim Johnson is a field and metamorphic geologist with expertise in phase equilibria and the generation, segregation and migration of melt in the lithosphere. He is particularly interested in the geodynamics of the early Earth and the genesis and modification of Earth's first stable continental crust. Still more recently he has become interested in the metamorphism and anatexis of asteroids during the early evolution of the solar system, with implications for planetary formation.

Chris Yakymchuk, Assistant Professor, University of Waterloo, Canada
Chris Yakymchuk is an Assistant Professor in the Department of Earth and Environmental Sciences at the University of Waterloo (Canada). He earned his PhD in Geology from the University of Maryland (USA) in 2014. His research interests include high-temperature metamorphism and crustal melting with a particular focus on the behaviour of accessory mineral chronometers. Chris applies field-based, laboratory-based and modelling techniques to understand the chemical differentiation of the continental crust and the geological significance of ages retrieved from U–Pb geochronology.
Course Program

Friday 11 October 2019

8.30 Session commemorating Prof. Alfred Kröner

10.00 Tea/Coffee

10.30 Opening of Training Course and announcements

10.45 1. Introduction to high-grade metamorphism and crustal melting – M. Brown
12.00 General discussion

12.15 Lunch

13.15 2. Introduction to suprasolidus phase equilibria – T. Johnson 
14.30 3. Open vs closed system melting – C. Yakymchuk 
15.45 Tea/Coffee

16.15 4. Evidence of melting and melt migration at outcrop – M. Brown
17.30 General discussion

Saturday 12 October 2019

8.30 5. How does the crust get hot enough to melt? – C. Clark 
9.30 6. Microstructures of anatectic rocks – M. Brown
10.30 Tea/Coffee

11.00 7. Behavior of accessory minerals during melting – C. Yakymchuk
12.15 Lunch

13.15 8. Melting of metapelites and greywackes (phase petrology, reactions, productivity) – T. Johnson
14.30 9. Modeling trace element partitioning in suprasolidus systems – C. Yakymchuk
15.45 Tea/Coffee

16.15 10. Geochronology of crustal melting – C. Clark 
17.30 General discussion

Sunday 13 October 2019

8.30 11. Melting of metabasic rocks (phase petrology, reactions, productivity) – T. Johnson
9.30 12. Th/U ratios in metamorphic zircon – C. Yakymchuk
10.30 Tea/Coffee

11.00 13. The use of Nd–Hf–O isotopes (whole-rock and zircon) in assessing crust–mantle interactions and crustal growth vs crustal reworking I – C. Clark
12.15 Lunch

13.15 14. The use of Nd–Hf–O isotopes (whole-rock and zircon) in studies of high-grade metamorphic and anatectic rocks II – C. Clark
14.15 15. Relationships between migmatites and granites: views from the bottom up and the top down – M. Brown
15.30 Tea/Coffee

16.00 16. Petrogenesis of TTG magmas – T. Johnson
17.15 General discussion

