GEO143 Feb. 5, 2011					Your Name_________________________________                                                				
Names of others in your group ______________________________________

Crystallization of an M&M Magma*

Purpose: In this exercise we will model crystallization of a basaltic igneous melt. We will observe the evolution of the melt composition through time. We also will discover the variety of rock compositions produced as crystallization proceeds and crystals are separated from the melt. The common cations are represented by different colors of M&Ms; oxygen is assumed to be present in abundance so oxygen anions are ignored for our purposes. 

A.	Determine the proportions of atoms (i.e., cations) in each mineral based on the mineral formulas given in Table 1. Mg-olivine is calculated for you, as an example.  Complete Table 1, including the total number of cations in each mineral. (Note, you will leave many fields blank because most minerals contain only a few different cations, not all six.

B.	Wash your hands.

C.	If your M&M’s have not been pre-counted: Separate them by color and count out each color carefully to obtain the numbers needed for this exercise, as indicated in the Initial Melt column in Table 1. If pre-counted, skip to D.

D.	Mix your counted M&M’s well to form your “melt.” Place them at one end of a large sheet of paper to form your magma chamber. (Your M&M’s represent ions circulating freely in the chamber.)

E.	Notice the relative proportions of atoms (colors of M&M’s) in the chamber. Which cations/colors are most abundant?... and the least abundant? (You don’t need to turn in your answers, but you’ll understand the exercise better if you make these observations.)

F.	Begin “crystallizing” your melt by removing the number of M&M’s from your magma chamber that crystallize at Step 1, according to Table 2 and your entries in Table 1.  For example, Table 2 tells us that in Step 1, two formula units of Mg-olivine are formed. Each “unit” of Mg-olivine has one Si cation and two Mg cations (from Table 1), so crystallization in Step 1 takes a total of two Si’s (1x2=2) and four Mg’s (2x2=4). The total number of cations crystallized from the melt at Step 1, then, is 2+4=6.  Move the minerals (M&M’s) that crystallized to the other end of your paper and draw a straight line above them (or put them between the bottom two lines if these are pre-drawn for you). These M&M’s represent the first layer of crystals to settle out of your melt.

G.	Determine the number of cations remaining in your melt (magma chamber) for each of the elements (colors of M&M).  Record your data in Table 3 for Step 1. Add up the total number of atoms (M&M’s) remaining in the chamber and enter it as the Total in Table 3, Step 1. 

H.	Calculate the fraction of the initial melt that remains liquid at this step, expressed as a decimal number. Put two figures to the right of the decimal point.  For example, in Step 1, 385 of the original 391 cations remain in the liquid. 385/391= 0.98  Enter this fraction of melt remaining in the last row of Table 3.

I.	Continue with the next crystallization steps (2-10), according to instructions E through H above. You might ask the instructor check your work after the first few crystallization steps, to be sure you’re on the right track.

J.	When Table 3 is complete, ask the instructor to confirm that your data are correct, then fill in Table 4 as follows: 

K.	For each crystallization step, use your results in Table 3 to calculate the percentage of each element (color of M&M) relative to all the other elements/cations present in the melt at each step. These calculations have already been entered for the Initial Melt. For example, at Step 1 there were 182 Si atoms in the melt. 182 divided by the total number of cations in the melt at that step = 182/385=0.473 or 47.3% Si. In other words, the melt consisted of 47.3% Si after crystallization at Step 1. Repeat this calculation for each element/cation in Step 1, then move on to the other steps. (Note that at each step the total of all the elements remaining in the melt should equal 100.0%, as we are looking at a snapshot of the melt composition at each step, not comparing it to the initial melt.) 

L.	Fill in the % of liquid (melt) that remains relative to the initial condition of all melt in the last row of Table 4. To calculate this, simply multiply the Liquid Fraction in the last row of Table 3 by 100% for each step. Round to the nearest whole percent for each step.
-----------------------------------
* Adapted by Lisanne Pearcy from Karl Wirth, Macalester College, 2003; Cam Davidson, Carleton College, 2009.
