GEO143 Due Feb. 12, 2011	
	Name_________________________________ 

Names of others in your group ________________________________________

Interpreting Igneous Crystallization from an M&M Magma Chamber

Instructions: Use the results of our in-class lab to complete this assignment. You are encouraged to collaborate with your classmates outside of class if you don’t finish during classtime, but you must turn in your own graphs and answers to the questions below. Please post questions to the class website if you get stuck.

1.	Plot the percentage of each atom (cation) in the melt at each step from Table 4 on the appropriate graph on the attached page. This will show how the amounts of the different elements varied in the liquid throughout the crystallization process. The initial melt composition has been plotted for you. Note that your data points will not necessarily be at 90, 80, 70%, etc. of Melt Remaining.
2. 	Refer to your plots from Question 1 to describe the trends of the six different elements in the liquid during crystallization.  For example, did some elements become enriched in the melt over time? Were some depleted? Did some trends change during crystallization, and if so in what ways?  
	
Si (silicon):  is enriched in the melt throughout crystallization, most dramatically toward the end
	Al (aluminum): rises slightly early on, then maintains fairly constant levels until crystallization, 

Fe (iron): is enriched a bit at first, then depleted
	Mg (magnesium): is depleted in the melt throughout crystallization
	Ca (calcium): is enriched slightly at first, then depleted
	Na (sodium): is enriched throughout most of crystallization, then drops toward the end
3.	Next we’ll analyze the types of minerals removed throughout crystallization, in Table 2 from class: 
a. What minerals crystallized during the first three steps? 
	Mg- and Fe-olivine
Ca-plagioclase

b. Are most of the minerals you listed above “ferromagnesian” (dark-colored, iron- and magnesium-rich) or “non-ferromagnesian” (light-colored, iron- and magnesium-poor)?
ferromagnesian

c. What new mineral(s) began to form in steps 4 through 6? 
Pyroxene, magnetite, Na-plagioclase (plagioclase)

d. What mineral(s) stopped crystallizing in steps 5 through 7?
Mg-olivine, Fe-olivine

e. Which mineral was last to begin crystallizing from the melt?
Quartz

f. Is the mineral you listed in 3e above “ferromagnesian” (dark-colored, iron- and magnesium-rich) or “non-ferromagnesian” (light-colored, iron- and magnesium-poor)?
non-ferromagnesian

4.	In the table below, you will determine the rock compositions represented by the minerals removed from the chamber during the 2nd, 6th, and 10th crystallization steps. First use Table 2 from class to calculate the relative percentages of minerals crystallized. Consider olivine and plagioclase as each one mineral. Then use Figure 3.10 (page 65) in your textbook to interpret the rock compositions. Notice that Figure 3.10 only includes the silicate minerals. Also, our M&M model was simplified; it did not include all of the silicate minerals typical of igneous rocks. Determine rock composition based on the most abundant minerals present in our model. The first cell has been completed as an example.
	Step
	List Relative %’s of minerals: Olivine, Pyroxene, Plagioclase, Quartz, Magnetite
	Rock Composition
(Felsic, Intermediate, Mafic or Ultramafic)

	2nd
	
75% Olivine,  25% Plagioclase

	
Ultramafic

	6th
	8% Olivine (Fe-olivine),  31% Pyroxene,  
38% Plagioclase (31% Ca-plag + 8% Na-plag),  23% Magnetite
	
Mafic

	10th
	7% Pyroxene,  
57% Plagioclase (50% Na-plag + 7% Ca-plag),  
29% Quartz,  7% Magnetite
	
Felsic


	
5.	Melt compositions are broadly classified by how much silicon or “silica” they contain. “Silica” is simply the element silicon (Si), expressed with a naturally occurring amount of oxygen as silicon dioxide (SiO2). (You may recognize SiO2 as the chemical formula for quartz, so basically we are looking at how quartz-rich the melt is, even though it may or may not be destined to crystallize any of the mineral quartz.)

	Si or SiO2:		42%		54%		70%	          80%
			|		Mafic	|	Intermediate	|	Felsic	|

	Use your Table 4 of melt compositions and the classification scheme shown above to classify the melt as mafic, intermediate or felsic at each of the following steps:
	Step
	Melt Composition

	Initial
	mafic

	2nd
	mafic

	6th
	intermediate

	10th
	felsic



6.	Were the rock compositions formed at each step in Question 4 the same as the melt compositions at those same steps in Question 5? ______ How does this affect the ability of igneous melts to change composition over time?
	The crystals use up certain elements in the melt earlier and faster than other elements, so the melt gets enriched in those elements that the crystals don’t use as much of. 
7.	Why did the percentage of SiO2 (or silicon) increase in the melt during crystallization, despite the fact that silicate minerals (minerals containing silicon and oxygen) are being removed throughout the crystallization process?
1) Other cations are removed from the melt faster than Si is. (Olivine has more Mg and Fe than Si in its formulas and so removes Mg and Fe faster than Si. Ca-plagioclase removes more Al than Si. Magnetite removes Fe but no Si.)
2) There is more Si in the initial melt than any other type of cation, so it is not easily depleted relative to other cations.
