Solution Set

      Given a point ‘A’ with the following composition 30% wollastonite, 60% anorthite, and 10% sphene determine the following utilizing Figures 1 and 2 in the wollastonite-anorthite-sphene ternary eutectic system (after Nishioka, 1935).

1) What is the number of grams of anorthite that has crystallized just as the cotectic 

boundary (univariant curve) is reached (label this as point ‘B’)?

     Liquid of composition ‘A’ in Figure 2 is located within the stability field of anorthite. As anorthite begins to crystallize, the liquid becomes depleted in anorthite, causing a change in liquid composition directly away from the anorthite composition point (labeled point ‘D’, see Figure 3). Therefore, draw a tie line from the anorthite composition point (point ‘D’) through point ‘A’ until it intersects the cotectic boundary (labeled point ‘B’).

    (AB/BD) x (100) = the percentage of anorthite crystals; the lengths AB and BD are measured preferably with a metric scale.

     (AD/BD) x (100) = the percentage of liquid yet to crystallize.

     (34/121) x (100) = 28 grams of anorthite. 

     (86/121) x (100) = 71 % of liquid yet to crystallize.

Note: All equations relate to Figure 3, but original measurements were made from

          Figure 2.

2) What is the composition of the liquid at the first point on the cotectic boundary 

               (i.e., point ‘B’).

                    The composition of the liquid at point ‘B’ is read directly off the diagram at 

                point ‘B’(see Figure 3).

                     Liquid composition at point ‘B’ is as follows:  44% Anorthite

                                                                                                 14% Sphene

                                                                                                 42% Wollastonite 

3) What are the relative percentages of anorthite and wollastonite that are being 

      crystallized at point ‘B’ on the cotectic boundary?

            The relative percentages of anorthite and wollastonite being crystallized at point 

       ‘B’ is determined by drawing a tangent to the cotectic boundary at point ‘B’ and

        extending this line until it intersects with the anorthite-wollastonite boundary 

       (labeled point ‘E’, see Figure 3). The relative percentages of anorthite and 

        wollastonite are then read directly off the anorthite-wollastonite boundary at point

       ‘E’.

                     Relative percentages are as follows:   49% Anorthite

                                                                                   51% Wollastonite

4) What are the relative percentages of anorthite and wollastonite that are being 

      crystallized from point ‘B’ to ‘C’ (i.e., the eutectic)?

             The relative percentages of anorthite and wollastonite being crystallized from

        point ‘B’ to ‘C’ is determined by drawing a tie line from point ‘B’ to ‘C’ and 

        extending this line until it intersects with the anorthite-wollastonite boundary 

        (labeled point ‘F’, see Figure 3). The relative percentages of anorthite and 

        wollastonite are then read directly off the anorthite-wollastonite boundary at point 

        ‘F’.

                     Relative percentages are as follows:   52% Anorthite

                                                                                   48% Wollastonite

        5)  What are the relative percentages of anorthite and wollastonite that have crystallized

      between points ‘A’ and ‘C’?

            The relative percentages of anorthite and wollastonite being crystallized from

        point ‘A’ to ‘C’ is determined by drawing a tie line from point ‘C’ to ‘A’ and 

        extending this line until it intersects with the anorthite-wollastonite boundary 

        (labeled point ‘G’, see Figure 3).  The relative percentages of anorthite and 

        wollastonite are then read directly off the anorthite-wollastonite boundary at point 

        ‘G’.

                     Relative percentages are as follows:   74.5% Anorthite

                                                                                   25.5% Wollastonite

6) What is the total amount of solid (i.e.,anorthite and wollastonite) that has crystallized between points ‘A’ and ‘C’?

                     The total amount of solid that has crystallized between points ‘A’ and ‘C’ is 

                 determined by the equation (AC/AG) x (100). See Figure 3.

                        (45/77) x (100) = 58 grams of total solid that has crystallized between 

                        points ‘A’ and ‘C’.

        7)   What are the number of grams each of anorthite and wollastonite that have

               crystallized between points ‘B’ and ‘C’?

                      The total number of grams each of anorthite and wollastonite that have 

                  crystallized between points ‘B’ and ‘C’ are determined as follows:

1) Remaining liquid of composition ‘B’ is 71% or (AD/BD x (100); i.e., (86/121) x (100) = 71%. See Figure 3.

2) The number of grams of anorthite and wollastonite to have crystallized between ‘B’ and ‘C’ is given by the following equation: 

(71) x (BC/CF) or (71) x (22/52) = 30 grams of anorthite and wollastonite that have crystallized between points ‘B’ and ‘C’. Therefore, a total of 30 grams of anorthite and wollastonite have crystallized between points ‘B’ and ‘C’.

3) Because the relative percentages of anorthite and wollastonite being

                                   crystallized from point ‘B’ to ‘C’ are  52% and 48% respectively 

                                   (see question 4) the number of grams of each can now be determined.

4) The number of grams of anorthite crystallizing from ‘B’ to ‘C’ is as 

      follows:

                         (31) x (.52) = 16 grams of anorthite  

5) The number of grams of wollastonite crystallizing from ‘B’ to ‘C’ is 

       as follows:

                          (31) x (.48) = 14 grams of wollastonite

8) What are the number of grams each of anorthite, wollastonite, and sphene that have

      crystallized at point ‘C’, the eutectic?

             The number of grams each of anorthite, wollastonite, and sphene that have 

         crystallized at point ‘C’ is as follows”:

1)  There has been 58 grams of total solid crystallized between points ‘A’ 

       and ‘C’. Therefore, there are 42 grams left to crystallize at point ‘C’ or 

       the eutectic.   

2) The composition of the liquid at the eutectic (point ‘C’) is read 

      directly off the diagram and has the following composition (see Figure

      3):  

                                                 38% Anorthite

                                                 38% Wollastonite

                                                 24% Sphene

3) The number of grams each of anorthite, wollastonite, and sphene crystallizing at the eutectic (point‘C’) is as follows:

                                                       38% of 42= 16 grams of Anorthite

                                                       38% of 42 = 16 grams of Wollastonite

                                                       24% of 42 = 10 grams of Sphene 

                      Checking now with what we started with at point ‘A’:

                                    Anorthite    28            Wollastonite   14         Sphene   10

                                                        16                                    16

                                                        16                 

                                            Total    60                      Total     30           Total    10

                      Therefore, our calculations agree with what we started with for our

                      bulk composition at point ‘A’.

9) Discuss in detail the melting and crystallization of the bulk composition for point 

‘A’. Be sure to include the final melting and crystallization temperatures for    anorthite, wollastonite, and sphene. 

