Activity – Activity Diagrams: 

Applications to Weathering and Hydrothermal alteration

Objective: To construct phase or speciation diagrams that show the concentrations of ions in water in equilibrium with specific minerals by showing the stability fields of these minerals at specified P and/or T.

Types of diagrams:

1- Activity – pH diagrams

2- T - activity diagrams

3- Chemical potential diagrams

4- Activity – activity diagrams

5- Fugacity diagrams

6- Eh-pH diagrams

We have already covered the first two types of diagrams in our last two chapters. Chemical potential diagrams (plots of the chemical potential of one component or species vs. another require knowledge of (, which is not always available. Therefore, these diagrams are often constructed as ratios rather than absolute values (e.g. (i/(SiO2 vs. (l/(SiO2). Steps of construction of these diagrams are not much different from those used for the activity – activity diagrams, which are more useful.
Steps for constructing activity - activity diagrams

1- Identify the system of interest, list all components and phases 

2- List all reactions that take place between the phases of interest. You will need to obtain the G values for all phases at P & T of interest in order to determine which minerals are stable at the P & T of interest.

3- Balance all reactions conserving one (always the same) component in the solid phases.

4- Obtain K values for the reactions of interest at the P-T of interest (you may need to calculate these from your G values).

5- Write the formula for K for every one of your reactions

6- Identify the components of interest that you need to plot (e.g. log aNa+/aH+ vs. log aK+/aH+).
7- Recast your K equations in terms of the variables you wish to plot. Calculate the slopes and intercepts of all reaction curves of interest. Plot your results.

8- The resulting diagram should obey the phase rule.

Worked Example: the system muscovite - microcline – kaolinite – gibbsite – amorphous silica (Fig. 1; Table 1). 

Assumptions necessary

1- The system is closed

2- The water – rock ratio is small

3- The secondary minerals are in equilibrium with ions in solution, even though the primary mineral may not be.

4- P & T are constant

5- The “conservative” element remains conserved in solids throughout.

6- The solutions remain sufficiently dilute to justify the assumption that ( = 1.

Applications and examples:

1- Reaction paths involved in the weathering of K-spar (Figs. 2 & 3).

2- Stability of the oxides and sulfides of Cu in the system Cu – S – O (Fig. 4).

3- Stability of hematite, magnetite and siderite in the system Fe – C – O (Fig. 5).

