Tutorial part of proposed ITP 2004 Summer Program in Geosciences

The purpose of the tutorial part of MEDI (Modeling Earth's Deep Interior) is  to familiarize graduate students (also, possibly, post-docs and faculty)  with the tools of seismology, geodynamics, mineral physics and geochemistry  that are, or can be, used in unraveling the properties of the Earth's interior. 

Clearly, the lectures will have to be structured with the emphasis on the  application of different methods to that purpose, rather than on the  theoretical derivation or experimental details.

With the tutorial lasting two weeks (or twelve days, with Sundays off), this gives three days for each field. We outline below our current thinking on the programs in each of the 4 fields. There will be periods of time assigned to discussion in the afternoon.

There will be an opportunity to firm up this program at the upcoming CIDER Workshop to

be held May 24-29, 2003 at the Marconi Center in Point Reyes, Ca (http://www.seismo.berkeley.edu/cider/program03.html). The ITP 2004 Summer Program features explicitely as a discussion topic in this workshop (in particular assigning leaders of tutorials/demos). 

We plan to support 20-25 advanced graduate students out of a combination of funds we now have from NSF/EAR (CSEDI Program) for a second CIDER workshop, which was initially scheduled in Sept. '03.

The second workshop has now been “transformed” into a smaller event specifically aimed at

writing a proposal to NSF for 5 years support for CIDER, building upon the ideas and recommendations that will have been spelled out in Workshop I. We have $150,000 from NSF, and we do not expect to spend more than $120,000 by the end of 2003. If necessary, we have 

discussed with the CSEDI Program Director at NSF, Dr Robin Reichlin, the possibility of applying for a “workshop supplement” of $10-20K.

Our calculations assume that the costs of the senior participants during the entire Summer'04 

program will be covered by ITP.

Seismology Program:

Format:

There will be three one hour lectures in the morning and three hours of tutorials in the afternoon. The tutorials would includedemonstration of data sets, measurement techniques, pitfalls in  interpretation, examples of application. In general, they would be conducted  by the lecturers, but we could also involve a few others.

 Lecturers (to be confirmed) : A. Dziewonski, B. Romanowicz and G. Masters.

Day 1.

Lecture 1. Inverse problems: Introduction. (AMD)

Lecture 2. Wave equation with consideration of anisotropy and attenuation (BR)

Lecture 3. Travel times (transmitted, reflected, differential); 

           differential kernels (GM)

Tutorials: a) Simple examples of the inverse problems with the illustration

              of the effect of matrix conditioning, etc.

           b) Travel time measurements: data from bulletins (ISC), waveform

              measurements at long- and short-periods, differential travel

              times, effect of attenuation.

Day 2.

Lecture 1. Surface waves: excitation, measurements of dispersion and attenuation (AMD)

Lecture 2. Free oscillations: excitation, measurement of center frequencies 

           and attenuation; differential kernels (GM)

Lecture 3. Free oscillations: mode splitting (GM)Wave propagation in 3-D media: 

           asymptotic approximations (BR)

Tutorials: a) Measurement of dispersion and attenuation; construction of 2-D

              maps of phase or group velocities.

           b) Normal mode measurements; center frequencies, mode splitting,

              attenuation.           

Day 3.

Lecture 1. Wave propagation in 3-D media: asymptotic approximations: 

           PAVA, NACT (BR)

Lecture 2. Wave propagation in 3-D media: numerical methods 

           (spectral element and others; BR)

Lecture 3. Inverse problems: constructing 1-D and 3-D models (AMD)

Tutorials: a) Comparison of different asymptotic methods.

           b) Examples of 1-D and 3-D models; reasons for discrepancies.

Geodynamics Program

Format:

Three lectures each day: These would start with the fundamentals of  mantle composition, structure, and dynamics, and move towards  increasing application to Earth problems. The third day is dedicated  to core dynamics and the geodynamo.

Tutorials would focus on methods including analytical methods,  numerical methods, and integrating observations with models.

Lecturers (to be confirmed): Scott King, Peter Olson, Louise Kellogg

Day 1. Fundamentals of mantle dynamics

Lecture 1. Composition and thermal structure of the Earth's mantle

Lecture 2. Convection equations and approximate solutions

Lecture 3. Numerical, analytical, and laboratory models

Tutorials: a) Stability analysis, parameterized convection models

           b) Introduction to numerical methods such as ConMan.

Day 2. Mantle dynamics in the earth 

Lecture 1. Dynamics of hot and cold boundary layers

Lecture 2. Plates, plate boundaries, and subduction

Lecture 3. Plumes, hotspots, transition zone and core-mantle boundary

Tutorials: a) Advanced numerical models

b) Viscosity variations: temperature, depth, and stress-dependent 

Day 3. Extending out in time and space: the ancient earth and other planets

Lecture 1. Phase changes and chemical changes in the Earth.

Lecture 2. Thermal history of the Earth 

Lecture 3. Mantle convection on other planets

Tutorials: a) Visualization of convection: strategies and pitfalls

b) Integrating models and observations: Geoid, heat flow, tomography, 

and chemical geodynamics.

Geochemistry Program

Format: Three one-hour lectures each morning (pedagogical), two tutorial sessions each afternoon

(interactive & hands-on). Lectures and tutorials to be shared among three faculty each day.

Lecturers (To be confirmed): DePaolo, Hart and Stolper.

Day 1:

Lecture 1. Initial Conditions- the early earth and moon, meteorites, extinct radioactivities.

Lecture 2. Mantle lithologies, major elements, phase equilibria and thermodynamics.

Lecture 3. Stable isotope systematics- hydrogen and oxygen in the earth.

Tutorials:     a) Navigating GERM: finding and evaluating geochemmical reference data.


b) Nuts and Bolts: chemistry, mass specs, standards, normalization, precision.

Day 2:

Lecture 1. 
Radiogenic isotope systems: Sr, Nd, Pb, Hf, and Os. Systematics, behavior and 
evolution.

Lecture 2. 
Trace elements: partitioning, spidergrams, REE, HFSE and heat-producing elements.

Lecture 3. 
Earth and mantle reservoirs: Core, BSE, PUM, CC, DMM , HIMU, EM1, EM2, 
FOZO.

Tutorials:
a) GEOROC and PETDB: the world of MORB and OIB data manipulation


b) MELTS – understanding differentiation with the MELTS programs

Day 3:

Lecture 1. U-Series tracers: geochronology, physics of melting and melt migration.

Lecture 2. Rare gas tracers: He, Ne, Ar and Xe. Systematics and applications

Lecture 3. Modelling: partial melting, differentiation/AFC, U-series, melt migration

Tutorials:
a) Integrating geochemical reservoir models with tomographic and geodynamic 
constraints


b) Melting and melt migration: porous flow and focussed flow models, U-series 
constraints, spidergram inversions.

Mineral Physics Program

The properties of the materials of the Earth along with pressure and temperature govern the speed of sound waves, the buoyancy of hot material, and the rate that stressed areas move. Plate velocities, seismic velocity variations laterally and with depth, as well as the distribution of earthquakes are ultimately controlled by the response ofthe materials to deep earth conditions.  The three day agenda will begin with the fundamentals of materials properties and end with presentations on the current state-of-the-art computational and experimental frontiers.

Possible lecturers:  Shun Karato, Alexandra Navrotsky, Donald Weidner, Lars

Stixrude

Day 1.  Fundamentals of mineralogy, petrology, phase equilibria

Lecture 1.  Earth forming minerals.  Structure and composition

Lecture 2.  Energetics of phases.

Lecture 3.  Mineralogy as a function of depth.

Tutorials:  constructing phase diagrams, compositional models of regions of

earth, phase relations with depth.

Day 2.  Fundamentals of physical properties of earth materials

Lecture 1.  Elasticity

Lecture 2.  Rheology and anelastic behavior

Lecture 3.  Lattice dynamics and relevance to earth materials

Tutorials:  Equations of state models, rheological flow laws, activated

processes, applications to radial and lateral velocity variations

Day 3.  Calculate and measure.

Lecture 1.  What is temperature?

Lecture 2.  Experimental challenges and deliverables

Lecture 3.  Ab Initio calculations of material properties

Tutorials:  Testing and comparing results from different sources,

