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Instructor Phase Diagram Notes:

This activity was done as an in-class activity, so much of the direction was given orally.  These notes describe some things to discuss with the phase diagrams that pair with the transition zone composition activity.  This format worked well with a small class, but for bigger groups it may be helpful to come up with a short written assignment to direct students.

* Note that in all of these diagrams, pressure increases downward. This is different than the petrologist’s usual viewpoint. The idea is that now pressure/depth increase downward, just like in the Earth. This allows for easier comparison to seismic cross-sections and tomography slices, etc.

Temperature vs Pressure:

· The higher temperature geotherm is intentionally left off.  “Normal” and “Subduction” geotherms are shown. Students can sketch in where they think a “hot” geotherm might lie, and compare that to the transition zone thickness and temperature results obtained in the first activity.

· Discuss what the lines on the phase diagram actually mean.  Students can circle or highlight where the 410- and 660-km discontinuities are on the phase diagram. It’s not a horizontal line!

% Iron vs Pressure:
· This diagram shows the phase transition behavior for varying iron content at a fixed temperature (1600 C).  Students can circle or highlight where the 410- and 660-km discontinuities are to orient themselves compared to the previous diagram. Note that now the phase change occurs over a region instead of a distinct line.

· A dashed line marks the Fo89 iron content to give students a reference for a “typical” mantle composition.   Students should examine whether TZ thickness increases or decreases with various changes in iron content.  They can then roughly estimate what the corresponding iron content would need to be to match the observations beneath Hawaii for the activity.  You may need to remind them to consider what is geologically possible/reasonable.

% Iron vs Pressure (Anhydrous and Hydrous):

· This diagram zooms in on a portion of the previous one and has the phase boundaries drawn for both hydrous and anhydrous conditions. Note that these experiments were conducted at 1400 C. 

· Students can draw a box on the previous diagram that corresponds to the limits of the zoomed in view in this version.  

· Again, students can highlight where the 410- and 660-km discontinuities are to orient themselves compared to the previous diagram.  Note that the 410-km discontinuity gets quite a bit shallower under hydrous conditions.  Smyth and Frost studied the change from olivine to wadsleyite, so the 660-km discontinuity doesn’t change on this diagram.  It may deepen slightly in the presence of water (H).  See Higo et al., GRL, 2001.

· Students should examine whether TZ thickness increases or decreases with various changes in water content.  An asterisk at the bottom of the diagram provides information as to normal and maximum mantle water contents in this region.   This scenario is harder to quantify how much water would need to be added or removed to duplicate the TZ thickness observations.  Keep in mind that in the experiments “anhydrous” is rarely exactly 100% dry, but that you definitely can’t make the rocks in the Earth more than 100% dry. 

Reminder for students: Just because one explanation may work better in this particular instance, that doesn’t mean that it is always right or that the others are always wrong for other places in the Earth! 

