Solution Set

1) On the basis of the given information in Figure 1 and the phase diagram (Figure 2), 

      determine the composition of the original plagioclase liquid at a pressure of 1 

      atmosphere. At what temperature did these first crystals form? Identify the types of 

      zoning in the crystal shown in Figure 1.

              Composition of the original plagioclase liquid:    An61-Ab39.

              Temperature first crystals form:  ~ 1480 oC.

              Zoning types:   Normal and discontinuous zoning.

2) From the discussion of the crystallization of a solid solution mineral, suggest a 

      process by which the plagioclase would show a gradual change in composition in

      zone A.

                 With an original bulk composition of An61, the first crystals to form have a 

              composition of An87.  Zone A shows a gradual decrease in An content from 87-

              70 as a result of the systematic and “rapid” loss of temperature at constant 

              pressure, resulting in non-equilibrium between the plagioclase crystal and the

              liquid. Therefore, resulting in zone A being gradually and normally zoned from

              An87 to An70. 

3) Suggest a process by which the distinct zones B and C with uniform composition 

      rather than continuously-graded composition, could have formed.

                 At a composition of An70, the crystal is in equilibrium with a liquid of 

              composition An30. The temperature is now rapidly lowered (50 to 100 oC, (T)

              and crystallization is allowed to proceed under equilibrium conditions. 

              Resulting therefore in Zone B having a uniform composition of An30. 

                At a composition of An30, the crystal is in equilibrium with a liquid of 

              composition An4.  The temperature is again rapidly lowered (50 to 100 oC, (T) 

              and crystallization is allowed to proceed under equilibrium conditions. 

              Resulting therefore in Zone C having a uniform composition of An4.    

                 Note: the difference between the liquidus temperature TL and the 

              crystallization temperature TC is (T, the amount of supercooling and therefore, 

              represents the conditions of crystallization.         

4)  Discuss the possible petrogenesis of the zoned plagioclase crystal in Figure 1.

                       There are two possible petrogenesis’ for the zoned plagioclase crystal in 

                     Figure 1:

1) The easiest and simplest is an isobaric controlled laboratory experiment,

       in which temperature is lowered, but crystallization is allowed to 

       proceed at uniform cooling rates (small increments of (T under

       nonequilibrium conditions, Zone A) or temperature is rapidly lowered 

       (50-100 oC) and crystallization is allowed to proceed at each new 

       temperature under equilibrium conditions (Zones B and C). 

2) A situation where pressure is lowered in such a manner that crystallization is allowed to proceed under uniform conditions (small increments of (T) or by the rapid changes in pressure producing sudden increases in (T.    

Note: Lofgren (1974) demonstrated that zoned plagioclase crystals can be readily grown in the laboratory. Lofgren (1974) found that rapid temperature drops during crystallization produce concentric zones (discontinuous zoning) of decreasing An content from the core outward. Such temperature changes could be produced by rapid movement of magma up a volcanic feeder vent or by eruption. However, a rapid change of pressure is more likely to produce this sudden increase in (T (Lofgren, 1974), e. g., during a volcanic eruption magma rises in the volcanic vent resulting in a continuous decrease in pressure. This would cause small increments in (T and a continuously zoned plagioclase crystal (high An to lower An content within Zone A). A sudden surge of magma within the vent to higher levels would cause a rapid change in pressure and therefore a sudden increase in (T. If the eruption then ceases, crystallization of the plagioclase is allowed to proceed at this new pressure under equilibrium conditions, resulting in a zone of uniform composition (e.g., Zone B). Another sudden surge of magma within the vent will take it to even higher levels within the vent causing a rapid change in pressure and therefore a sudden increase in (T. If the eruption then ceases, crystallization of the plagioclase is allowed to proceed at this new pressure under equilibrium conditions, resulting in a zone of uniform composition (e.g., Zone C).   
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