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Geology 285 - Homework Set #2

Major Element Fractionation During Differentiation


Major elements can help us assess any genetic relations in rock suites, provide us with general constraints on the amount of crystallization from a hypothesized parental magma, and provide constraints on the fractionating assemblage (and hence depths of crystallization). You will need to use a spreadsheet program such as Excel. If you are not familiar with spreadsheets, now is a good time to do so!

	Input Data
	
	
	
	
	
	
	

	
	Parent
	
	
	
	
	Low P
	High P

	Element
	Magma
	Fo96
	Aug
	Hy
	An80
	composition
	composition

	----------
	-----------
	-----------
	-----------
	-----------
	-----------
	
	

	SiO2
	49.27
	41.07
	49.68
	53.18
	47.67
	43.71
	48.147

	TiO2
	1.32
	0.05
	0.56
	0.21
	
	
	

	Al2O3
	18.2
	0.56
	0.78
	3.08
	33.46
	
	

	FeO
	10.45
	4.37
	22.09
	18.18
	
	
	

	MnO
	0.30
	0.23
	
	
	
	
	

	MgO
	6.82
	53.72
	16.19
	23.26
	
	
	

	CaO
	10.8
	
	9.90
	2.09
	16.23
	
	

	Na2O
	2.5
	
	0.65
	
	2.57
	
	

	K2O
	0.25
	
	0.15
	
	0.07
	
	

	P2O5
	0.08
	
	
	
	
	
	

	Total
	100.00
	100.00
	100.00
	100.0
	100.00
	
	

	
	
	
	
	
	
	
	

	FeO/MgO
	1.531
	0.081
	1.364
	0.781
	
	0.08135
	0.52760



The goal is to have you illustrate simple crystal fractionation trends using simple subtraction of the minerals above. Two fractionation assemblages will be used:

A) A simple low pressure fractionation assemblage of:


60% olivine, 40% plagioclase

B) A simple high-pressure fractionation assemblage of:


30% olivine, 40% augite, 30% hypersthene


Calculate a series of “remaining magma” (fractionated) compositions as a function of F (F is the fraction of liquid remaining) in increments of 0.05 (5% crystallization increments), starting from 100% liquid (F=1.00) to F=0.80 (20% crystallization). Do this for the low and high pressure situations. 

1) First calculate the major element composition of the fractionation assemblage based on the mineral compositions and the proportions above. You have been given a few oxides to check your calculations with.

2) Then subtract from the magma in 5% increments. re-normalize each step to 100% (required since you take away 5% of the mass each time; easily done by dividing by F). For example:

(original SiO2 - Crystal SiO2*(.05))/0.95 after 5% crystallization

(original SiO2 - Crystal SiO2*(.10))/0.90 after 10% crystallization

Your output data should look something like this:

	OUTPUT DA
	DATA SET
	SET #1
	
	
	
	

	LOW-P
	FRACTIO
	NATION
	
	
	
	

	
	
	Total F
	
	
	
	

	
	
	1.00
	0.95
	0.90
	0.85
	0.80

	Element
	Crystals
	
	
	
	
	

	--------------
	--------------
	-------------
	------------
	-------------
	--------------
	--------------

	SiO2
	43.71
	49.27
	49.56
	49.89
	50.25
	50.66

	TiO2
	
	
	
	
	
	

	Al2O3
	
	
	
	
	
	

	FeO
	
	
	
	
	
	

	MnO
	
	
	
	
	
	

	MgO
	
	
	
	
	
	

	CaO
	
	
	
	
	
	

	Na2O
	
	
	
	
	
	

	K2O
	
	
	
	
	
	

	P2O5
	
	
	
	
	
	

	Total
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00

	
	
	
	
	
	
	

	FeO/MgO
	0.081
	1.53
	1.98
	
	
	


	
	
	
	
	
	
	

	OUTPUT DA
	DATA SET
	SET #2
	
	
	
	

	HIGH-P
	FRACTIO
	NATION
	
	
	
	

	
	
	Total F
	
	
	
	

	
	
	1.00
	0.95
	0.90
	0.85
	0.80

	Element
	Crystals
	
	
	
	
	

	--------------
	--------------
	-------------
	------------
	-------------
	--------------
	--------------

	SiO2
	48.15
	49.27
	49.33
	49.40
	49.47
	49.55

	TiO2
	
	
	
	
	
	

	Al2O3
	
	
	
	
	
	

	FeO
	
	
	
	
	
	

	MnO
	
	
	
	
	
	

	MgO
	
	
	
	
	
	

	CaO
	
	
	
	
	
	

	Na2O
	
	
	
	
	
	

	K2O
	
	
	
	
	
	

	P2O5
	
	
	
	
	
	

	Total
	100.00
	100.00
	100.00
	100.00
	100.00
	100.00

	
	
	
	
	
	
	

	FeO/MgO
	0.527
	1.53
	1.81
	
	
	

	
	
	
	
	
	
	



You should have answers for all of the cells. I have provided some of them so you can check your formulae. Be sure to calculate the FeO/MgO ratios. Also, always calculate the totals for each step; it is a good check that you are doing the calculations correctly. 

• Then graph the results using the graphing functions in the spreadsheet program, including the FeO/MgO vs. F plot. Use a “line graph” with F as the X axis. You can group elements that have similar values, but make sure the graphs illustrate all elements in a graph (i.e. don’t plot MnO and SiO2 variations in the same plot!). Just use common sense. 


I do not want a separate plot for each element. Recommended groupings: a plot for low pressure TiO2, MnO, MgO, CaO, Na2O, K2O, and P2O5 (all on one plot) and another for the same elements in the high pressure assemblage. Also try SiO2 vs. F for low and high pressure on the same plot. Al2O3 and FeO/MgO can be plotted vs. F with the two pressures together on one plot.


You can also do these plots in Black and White and save the department color printing by using different symbols for each element on you plots.

Questions:

1) Contrast the Fe enrichment (as shown by FeO/MgO), SiO2, MgO, and Al2O3 variations with crystal fractionation at low- and high-pressure. Keep in mind the compositions of the liquidus assemblages and how they control the evolution of melt composition.

2) Which mineral assemblage is the tholeiitic and which is the calc-alkaline trend?

3) •In terms of percentage change, as considered for both pressures throughout the entire period of crystallization, which of the above elements is the best indicator of crystal fractionation of basalts (which has the largest percent change during crystallization)? 

•Is this a compatible or incompatible element? (Compatible means “enriched in the solid”; incompatible means “enriched in the liquid”). 

•Which element is the least sensitive to crystal fractionation? (which has the smallest percent change?)

4) Which element is perfecting compatible in both pressure groups? Does its variation make sense over the 20% crystallization range?

