Fractional Crystallization of an M&M® Magma Chamber
This activity is adapted from an exercise by Karl Wirth at Macalaster College.
Learning Goals:
To understand the process of fractional crystallization, and how the chemical composition of a liquid in a cooling, fractionally crystallizing magma chamber can change.
Learning Outcomes:
By the end of this activity, you should be able to:
· describe how the chemistry of minerals being formed changes as crystallization proceeds.
· describe and explain how the composition of the remaining liquid changes as crystallization proceeds.
Background and Objectives:
When the mantle partially melts, the resulting magma is relatively homogeneous (i.e., mafic or basaltic) in composition. However, a much wider range of chemical compositions (i.e., mafic to felsic) are erupted at Earth’s surface or solidify underground. As we have discussed in class previously, fractional crystallization is one important process that can help generate this wide range of magma compositions. Fractional crystallization occurs when a body of magma cools underground and begins to solidify. The rocks on the island of Rum, in western Scotland, are a classic example of this process in operation, and were fundamental to the development of our understanding of the physical processes involved.
The goal of this exercise is to gain a better understanding of the process of fractional crystallization, how it leads to changes in magma composition, and how the crystallizing mineral assemblage changes during cooling and crystallization of an initially mafic magma.
This activity is based on one that used different colored M&M® candies to represent different elements in the magma. In this version, you will work in PowerPoint with colored circles. For the sake of simplicity, and in the interests of time, we will ignore oxygen and only consider the six most important elements (those that, when combined with oxygen, constitute the majority of most magmas) – silicon (Si), aluminum (Al), iron (Fe), magnesium (Mg), calcium (Ca), and sodium (Na). You will work in groups of two or three to crystallize the magma chamber in a series of steps, simulating changes in both the chemistry of the minerals being removed and of the remaining liquid that occur as the magma gradually cools and solidifies over time. 
Assessment:
As a group you will turn in the completed ‘magma chamber’ PowerPoint containing the names of everyone in your group (10 pts.), along with the Excel data sheet with calculations (10 pts.). Individually, you will turn in your own typed answers to the reflection questions at the end of this document (14 pts.). All three documents should be uploaded to Canvas.
Assignment:
1). Download from Canvas, and save, the Excel file titled “M&M Data Sheet”. Determine the proportions of elements in each mineral and record this information in the first table labeled “Mineral Compositions”. To get you started we will do the Mg-rich variety of olivine as a class. The chemical formula of Mg-rich olivine is Mg2SiO4 – therefore the mineral composition is 1 silicon (Si) and 2 magnesium (Mg), ignoring the 4 oxygens.
2). Download from Canvas, and save, the PowerPoint file titled “Starting Magma Chamber” and put the name of every group member on the first slide. The large box at the top of the second slide is the ‘magma chamber’, containing different colored dots representing the chemistry of the starting magma (i.e., the proportions of different chemical elements), according to the tables in the data sheet. The relative proportions of the different elements in this initial magma have been calculated in the final “Magma Composition” table in the Excel file. This represents a typical mafic magma, with about 50% Si, nearly 20% Al, and smaller amounts of Fe, Mg, Ca, and Na (in a real mafic magma the oxides of these six elements, SiO2, Al2O3, etc. would typically be 98-99% of the mass of the liquid).
3). Begin crystallizing the magma. Do this by copying and pasting the PowerPoint slide, then dragging the appropriate number of circles to the bottom dashed line, corresponding to the minerals crystallized during Step 1, as detailed in the second “Minerals Crystallized” table in the Excel file. Minerals that have crystallized are moved to the bottom of the sheet in layers – representing the sinking of newly formed minerals to the bottom of the magma chamber due to density and gravity. Again, we will do the first step together as a class. 
4). Record the number of circles of each element remaining after the first crystallization step in the third “Elements Remaining” table in the Excel file. Again, we will do the first step together as a class.
5). Calculate the composition of the magma remaining after the first step and record this in the final “Magma Composition” table by calculating the proportion of each element as a percentage of the total remaining. Again, we will do the first step together as a class. 
[bookmark: _GoBack]6). Repeat the previous three parts for each of the 9 remaining crystallization steps, copying and pasting the entire slide at each step and removing the appropriate number of circles to each successive dotted line at the bottom of the page. Pay particular attention to how the chemistry of the magma and crystallizing minerals (i.e., relative abundance of different color circles) is changing as crystallization proceeds.
7). Plot the variation in the relative proportion of each element in the magma as a function of the percent magma remaining after each step on the appropriate graphs in the Excel file.


Reflection Questions:
1). With reference to Bowen’s Reaction Series, compare the chemistry of the minerals removed at the beginning of crystallization with those removed in the middle and at the end of crystallization. (2 pts.)

2). Which elements increase in relative abundance in the remaining liquid over time? Which elements decrease in relative abundance in the remaining liquid over time? Are there any elements that display more complex behavior? With reference to the chemistry of the minerals removed, explain these trends. (4 pts.)

3). Using the classification of magmas that we discussed in class, based on the amount of SiO2 (or Si in this case), assign the initial magma, and the liquid remaining after the 2nd, 6th, and 10th crystallization steps, a name (i.e., basalt, andesite, rhyolite). (2 pts.)

4). Explain how the concentration of silicon in the remaining liquid is able to increase during crystallization, even though almost all of the minerals being removed are silicates? (Hint: compare the relative proportions of elements in the mineral assemblage crystallizing during the first two steps with the relative proportions of those same elements in the liquid during these two steps.) (2 pts.)

5). Do you think this model is realistic? Can you think of any ways in which this model is unrealistic or could be improved? (2 pts.)

6). Reflect on your understanding of the process of fractional crystallization. What concepts has this activity helped you understand better? Which aspects are still unclear to you? (2 pts.)
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