Prac 3
Using trace elements to understand the origin of magmatic rocks

In this practical, we will work on two basalt suites from Hawai. Both rock suites are basaltic, but show distinct geochemical characteristics, in terms of major and trace elements and isotopic characteristics. You will find analysis table for the two suites printed on the handouts, or as an excel file on the web.
You will conduct a study of them, allowing you to discuss their origin.

Basalts are formed by partial melting of the peridotitic mantle. The question to answer here is, “what sort of mantle melted and where”. The figure below is a phase diagram for mantle rock, indicating the mineral present in a lherzolite (in addition to the “constitutive” olivine, ortho and clino-pyroxenes).
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During the prac session, we will work together through part I to establish the equation used in the questions below. I’ll then be available to answer your questions and discuss with you, but you’ll mostly have to work on computer after that. It might be advisable to start working today and come back to me during the afternoon for any problems. If you work reasonably fast, you should be able to complete your task during the afternoon.
Return your answers to parts II-III no latter than Tuesday, 28th of February – 9 a.m.

I. Establishing the basic equation for trace elements behavior during melting

This equation is based on two principles:

· mass balance, i.e. the amount of any given element does not change during the melting process. The only difference is that the elements that were hosted in the unmelted solid prior to the melting are, following the melting, partitioned between the solid and the liquid.

· Repartition between the solid and the liquid, as discussed during the lecture. This is given by the equation 
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1. Write the equation for mass balance (using the following notations : F for the mass fraction of liquid, and C0, Cs and Cl respectively for the concentrations in the source, the solid and the liquid).

2. Then, combine this equation with the one above to derive the equation giving the trace element concentration in the melt.

II. Describing the two magmatic series
Major elements: plot the two suites of rocks on any diagram you find useful to indicate the type of series they belong to. Comment this information in terms of possible regions of melting.
Some interesting information about this question will come in the next few lectures (Friday or Monday). Those who’d rather look for themselves will find the interesting stuff in J.Winter’s book, chapter 10 fig. 10-8.
Trace elements: construct REE diagrams (spidergrams) for the two suites. You can use the excel file REE.xls on the web, or build your own file using the following normalization values:
	Element
	Chondritic abundance

	La
	0.237

	Ce
	0.612

	Nd
	0.467

	Sm
	0.153

	Eu
	0.058

	Tb
	0.254

	Er
	0.1655

	Yb
	0.17

	Lu
	0.0254


Isotopes: Plot the Sr-Nd values for both suites on the Sr-Nd diagram for the whole Earth. What is the implication of this difference? Note that we’re dealing here with present-day lavas, i.e. there is no difference between the initial and the measured value!
III. Possible sources

We will now investigate the possibility of the two series corresponding to melting of mantle peridotite at different depth: spinel peridotites or garnet peridotites. This will be done by calculating the amounts of REE in a melt generated in both levels of the mantle, and comparing it with our analysis (this approach is commonly referred to as “geochemical modeling”).
As you’ve seen in the first part, calculating the melt composition requires the knowledge of (1) source composition (2) mineral assemblage present after the melting (3) partition coefficients and (4) melt fraction.

For (1), we’ll assume that the composition of the lherzolite is 10 times chondritic, i.e. the concentration for each REE is 10 times the concentration of this element in the chondrite of the above table. (2) and (3) are in the following tables. 

There is no simple way to establish the value of F, so what you will do is try several values: 0.01, 0.02, 0.05, 0.1 and 0.2 .
Kd values:

	
	Ol
	Opx
	Cpx
	Sp
	Grt

	La
	0.007
	0.03
	0.056
	2
	0.001

	Ce
	0.006
	0.02
	0.092
	2
	0.007

	Nd
	0.006
	0.03
	0.23
	2
	0.026

	Sm
	0.007
	0.05
	0.445
	1
	0.102

	Eu
	0.007
	0.05
	0.474
	1
	0.7

	Tb
	0.013
	0.15
	0.582
	1
	1.94

	Er
	0.026
	0.23
	0.583
	1.5
	4.4

	Yb
	0.049
	0.34
	0.542
	1.4
	6.167

	Lu
	0.045
	0.42
	0.506
	1.3
	6.95


Mineral proportions:

	
	Ol
	Opx
	Cpx
	Sp
	Grt

	Sp-Lherzolite
	0.7
	0.1
	0.1
	0.1
	

	Grt-Lherzolite
	0.7
	0.1
	0.1
	
	0.1


1. Assuming the mineral proportions do not change during the melting, calculate the D values in both case (spinel and garnet lherzolite)

2. For each F value (see above), calculate the REE composition of the melt; plot two REE diagrams, one for melts from the sp-lherzolite and one for melts from the grt-lherzolite.
3. Compare the theoretical melts with the real basalts. Conclude on the possible origin of the two rock suites.

Excel files with all these data are available on the web, or on a CD in the prac room.
IV. Analytical data
	
	
	Series A

 
	Series B

 

	
	
	A1
	A2
	B1
	B2

	Major elements in wt%
	SiO2
	50.51
	51.63
	46.37
	47.52

	
	TiO2
	2.63
	1.94
	2.4
	3.29

	
	Al2O3
	13.45
	13.12
	14.18
	15.95

	
	FeO
	11.19
	10.80
	12.59
	11.74

	
	MnO
	0.17
	0.17
	0.19
	0.19

	
	MgO
	7.41
	8.53
	9.47
	5.18

	
	CaO
	11.18
	9.97
	10.33
	8396

	
	Na2O
	2.28
	2.21
	2.85
	3.56

	
	K2O
	0.49
	0.33
	0.93
	1.29

	
	P2O5
	0.28
	0.22
	0.28
	0.64

	
	 
	 
	 
	 
	 

	Trace elements (REE) in ppm
	La
	5.5
	8.4
	18.8
	38.0

	
	Ce
	13.6
	21.0
	43.0
	85.0

	
	Nd
	8.5
	14.4
	22.0
	50.0

	
	Sm
	2.6
	4.4
	5.4
	11.8

	
	Eu
	0.9
	1.6
	1.8
	3.5

	
	Tb
	3.4
	5.8
	5.3
	9.0

	
	Er
	2.1
	3.8
	2.7
	3.9

	
	Yb
	2.1
	3.5
	2.2
	3.3

	
	Lu
	0.3
	0.5
	0.3
	0.3

	
	
	
	
	
	

	Isotopic ratios (present day)
	143Nd/144Nd
	0.5128


	0.5131



	
	87Sr/86Sr
	0.7045


	0.7030
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