Introduction

This is a resource that has been posted by us (Chakraborty and Dasgupta) in the Teaching Petrology in the 21st century website – the students can get this, but use of this is mainly intended for use in the course Geochemie II.

With increasing cuts in the time available for teaching petrology, use of thermodynamics in undergraduate petrology lectures has all but disappeared. Yet, availability of internally consistent databases and computers in every student's backpack provides incredible opportunities to explore petrology and thermodynamics using spreadsheets that requires very little math background. Indeed, the exploration itself can be used to complement and enhance the numerical skills of the students in a manner that helps them in their future careers, even if these are entirely outside the realm of geological sciences [see Exploring_Thermodynamics.doc]. 

Such exploration provides a far more quantitative insight into petrology, a direct introduction to thermodynamic calculations in almost a playful manner with a level of detail that was often inaccessible earlier in even graduate courses - possible exercises are suggested in the accompanying document, Exploring_Thermodynamics.doc. The level of complexity can be varied depending on the level of stuents and time available. Indeed, the spreadsheets can accompany the students from introductory courses (even before Petrology, in some cases!) through to graduate work, with the exploration reaching increasingly greater depths and complexity. It has been our effort to keep the development transparent and avoid the use of sophisticated Excel tools such as Macros, so that it is easy for even novice Excel users to see what is going on and then to modify and play with the numbers. This is the main difference between using these and the programs supplied by the authors who have created the databases (e.g. TWQ of Berman or Thermocalc of Holland and Powell). Indeed, the spreadsheets emerged from our own research where we wished to see exactly what was causing differences in the calculations of a given reaction between the two databases. Clearly, other databases can just as easily be adapted to the same sort of spreadsheet environment; other spreadsheet programs can be used to achieve the same objectives.

The package consists of seven files in addition to this one: 

3 Excel spreadsheets with a ReadMe file in WORD for each containing instructions, making up a total of 6 files. The same instructions are also contained in the "Read Me" sheets of the Excel files themselves. The files are:

Matrix.xls - a tool for generating balanced chemical reactions.

Berthermo.xls - A spreadsheet for performing calculations using the Berman 


database.

HPthermo.xls - A spreadsheet for performing calculations using the Holland 


and Powell database.

In addition, a WORD file, "Exploring_Thermodynamics.doc" suggests possible kinds of exercises that we have used.

Much common wisdom has been handed down to generations of petrology students in words - a non-exhaustive list may include (a) do not mix data from two different thermodynamic databases, (b) use of different heat capacity functions or extrapolation beyond the P-T range of fit can have disastrous results, (c) consideration of errors in thermodynamic calculations is crucial, (d) consideration of non-ideality, interaction parameters etc. are important in some cases, but not in others. 

Actual calculations to demonstrate these effects were either too laborious, tedious, time consuming or involved elaborate computer programming beyond the reaches of the average undergraduate. These "Live" thermodynamic tables in the form of Excel© spreadsheets based on standard internally consistent thermodynamic databases (e.g. Berman, 1988; Holland and Powell, 1998) that allow quick, easy and most importantly transparent, manipulation of thermodynamic data to calculate mineral stabilities and to explore the role of different parameters. 

The approach consists of the following basic steps: 

(i) use a simple supporting spreadsheet (MATRIX.XLS) to enter mineral compositions (in formula units) to obtain a balanced reaction by matrix inversion. 

(ii) enter the stoichiometry of this reaction in a designated space and a P and T to get the delta G of the reaction 

(iii) vary P and or T to locate equilibrium through a change of sign of delta G.

These results can be collected to explore practically any problem of chemical equilibrium and mineral stability. Some of our favorite approaches have been outlined in Exploring_Thermodynamics.doc. 

Try for example the simple reaction: 

enstatite + spinel + quartz = pyrope

or the reaction involving Fe-Mg solid solutions of these phases,
orthopyroxene + spinel + quartz = garnet

This reaction has an interesting change of slope in P-T space – however, one needs to be careful about handling the (-( phase transition in quartz. Please note the limitations of using solid solutions in these spreadsheets, elaborated in the exploring-thermodynamics.doc file.
