Geology 633

Lab 6:

Phase diagram projections and phase diagram sections: 

use of Gibbs, Thermocalc and Perplex
There are several types of phase diagrams. Two important varieties are phase diagram projections and phase diagram sections, the latter sometimes known by the (dreadful) term ‘pseudosections’.

An example of a phase diagram projection is a petrogenetic grid. All possible reactions in the chosen chemical system (eg, KFMASH) are projected onto the P-T plane. By analogy, imagine shining a light through an empty (3-dimensional) tetrahedron or cube whose edges are made of thin metal rods. The shadows of all the edges project as lines on the piece of paper. Some of the shadows of the edges cross, even though in 3-D the rods may not touch. 
In the KFMASH petrogenetic grid, think of chemical components as dimensions. The reactions on the grid that appear as lines in 2-D in fact extend along compositional axes as well (they are lines in 3-D or higher dimensional space). Some reactions cross indifferently (no intersection of the compositional space between them). Some invariant points may occur in one (eg Fe-rich) part of the bulk compositional space and others in another (eg Mg-rich) part of bulk compositional space. Mineral compositions may change along some reactions (eg Fe-Mg variations along univariant curves in KFMASH). None of this is apparent just by looking at the grid. 
Reactions in a petrogenetic grid are extremely useful in providing bounds within which a given mineral assemblage is possible. However, petrogenetic grids, especially complex ones with lots of reactions, can be difficult to read and interpret. It is best to have a compositional projection (eg ACF or AFM diagram) handy to understand how compositional variations influence which reactions are ‘seen’ (hence the AFM exercise you did earlier in the course). 
Most people are interested in specific mineral assemblages in specific bulk compositions, namely rocks they have collected and analyzed. Even though a given rock composition will only ‘see’ a small fraction of the reactions shown in a grid, these are the ones of interest! The type of diagram that portrays these is a phase diagram section – meaning, a compositional slice through the multi-dimensional ‘mesh’ of reactions in the full chemical system. 
Calculation of phase diagram sections is one of the fastest-growing areas of metamorphic petrology. There are several software packages for computing these: THERMOCALC (Powell & Holland, 1988; Powell, 1998; Powell & Holland, 2001); Perplex (Connolly, 1990; Connolly & Petrini, 2002); Domino-Theriak (de Capitani & Brown, 1987; de Capitani, 1994); and program Gibbs (Spear, 1988; Spear et al., 2001). Perplex and Thermocalc are currently dominant. Both are based on very different computational philosophies, each with its pros and cons. Both are extremely powerful - for example, in addition to predicting mineral assemblage stabilities, they can provide modal information and  thermobarometric estimation methods (independent of ‘inverse’ methods like AvePT or TWQ). Both take considerable time and thermodynamic insight to master. 

For this exercise, you will:

1. Read Connolly & Petrini (2002), paying special attention to the introductory sections in which he explains the differing computational philosophies of the various phase diagram methods 

2. use Frank Spear’s Gibbs program to understand how petrogenetic grids, phase diagram sections and compositional projections (eg AFM projections) relate to each other

3. compute a phase diagram section for an average pelite composition using Perplex. 

Exercises

1. Do exercises 4B and 4C in the Program Gibbs tutorial, and read the notes he provides carefully. This short exercise is the best exposition I know that relates AFM diagrams, petrogenetic grids and the main types of phase diagram sections. Note that you have already done preceding exercise 4A – the AFM diagram exercise. The discussion in exercises 4B and 4C flows naturally from this. 
2. Do exercise 5 of the U. Calgary Perplex tutorial that Jamie Connolly presented in October 2006 (pseudosection for an average pelite bulk composition) – see below. This exercise appears to be the same as examples 12 and 13 on the main Perplex web site. Go to “on-line tutorials” - “examples”. Note also that there is a special “pseudosection tutorial” as well. 

Use the new Perplex07 for this exercise. You can download Perplex07 from the Perplex web site:

http://www.perplex.ethz.ch/
There are also some useful Perplex tutorials on Dave Hirsch’s website:

http://serc.carleton.edu/NAGTWorkshops/petrology/teaching_examples/12247.html
Exercise 5:
Compute a P-T section with gridded minimization for the pelitic bulk composition Na2O 3.16; MgO 5.73; Al2O3 17.0; K2O 3.56; CaO 2.21; FeO 9.05; H2O 40.0; SiO2 105.7 (all amounts in moles); use the “hp02ver.dat” data base and the “solut_07.dat” solution model file and the CORK equation of state for water, for T = 673-1073 K and P = 0.5 – 10.0 kbar. Use the solution models: Chl(HP); Pl(h), San; MuPa; Bio(HP); Carp; Omph(HP); hCrd; Pheng(HP); Gt(HP); Ctd(HP); Cumm; St(HP). Saturate the system in SiO2 and H2O. Be sure to tell BUILD that you want to determine “all” phase boundaries. Do a preliminary calculation with a 20x20 single level grid to test that you have configured the input correctly. Then do a final run with a 40x40 4-level grid.

Then:

• Use WERAMI (mode 1) to compute the volume proportions of the minerals at 873 K and 8 kbar.

• Use WERAMI (mode 2) to compute the mode of garnet in the pseudosection; if you can

use MATLAB run grid_for_matlab and make a false color plot of the data (see

perplex_seismic_velocity.html#GRID_FOR_MATLAB); otherwise use PSCONTOR to

plot the data (see perplex_pseudosection.html#WERAMI/PSCONTOR%20Dialog).

• Use WERAMI (mode 2) to construct isopleths of X(An) in plagioclase and

Mg/(Mg+Fe) in Gt(HP). If a rock with this bulk composition contains garnet with Mg/(Mg+Fe) = 0.1 and plagioclase with X(An) = 0.3, what P-T conditions did it equilibrate at? What simple tests could you make to validate this result?

• Use WERAMI (mode 3) to compute the water content of the solid assemblage at 6 kbar

over the temperature range of the pseudosection (see

perplex_pseudosection.html#WERAMI_Mode_3)

• Set up a calculation to fractionate phases from the bulk rock during decompression from 800 K and 12 kbar to 950 K and 6 kbar. This calculation is illustrated in the file

www.perplex.ethz.ch/examples/dialog18_raw.txt. Run the calculation in VERTEX with

and without fractionating garnet (Gt(HP)). How does fractionation affect the final

mineralogy?
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