A “synthetic” ophiolite
In this practical, we will build a model oceanic crust, by making simple assumptions on the petrological processes operating. The general model for the oceanic crust formation is outlined below:

1. Melting of the mantle (lherzolite, initially), to generate a basaltic melt of constant composition (eutectic melting).

2. Differenciation of that melt, in two successive stages of fractional crystallization (loosely related to the evolution predicted by the classical An-Di-Fo phase diagram, that in this case shows its limitations!):

a. Olivine-spinel precipitation;

b. Clinopyroxene-plagioclase precipitation
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The general goal of this prac is to construct the final ophiolitic section, by calculating the amounts and compositions of the 4 components identified in the sketch above (and the intermediate liquids Liq0 and Liq1 that are intermediate steps). The relevant equations to be used are:

1. For major elements: mass balance, Csource = F Cliq + (1-F) Csol
2. For trace elements:

a. Melting is described by the equation 
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b. Fractionnal crystallization will be treated using Rayleigh’s equation: 
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I. Melting of the mantle and formation of the parent liquid

We will firstly investigate the influence of the melt fraction during the initial melting on the source composition. For successive increments of the F value (from 0.1 to 0.4):

· Calculate the major elements compositon of the residuum

· Treating negative values as 0 in the step above, calculate a CIPW norm of the residuum.

Discuss the evolution of the residuum with increasing melting fractions.

In terms of major elements, we could assume the melt’s chemistry to stay roughly constant during the melting (eutectic processes). This is, however, not true for trace elements, which are controlled by different laws and chemical processes.

· For each melt increment above, calculate the trace element contents of the melt, and plot a REE spidergram. You will use

· The Kd values and the source composition supplied below;

· The normative mineralogy you just calculated, for the residuum mineralogy.

Discuss the evolution of the trace elements composition of the melt with increasing melting fraction; in particular, are changing F values able to explain the differences between N and E-MORBs (see lecture)?

We will now start building out model oceanic crust. Select a F value of your choice.

· Assuming 25 km of mantle are affected by the melting, what would be the overall thickness of oceanic crust formed (= thickness of Liq0 layer)?

· Give the major and trace elements composition of Liq0
II. Differenciating the parental liquid

The initial liquid (Liq0) will evolve following a two-stage fractionation process: it will precipitate Ol and Sp, therefore changing its composition, until it arrives on the eutectic. At that stage, its composition can be described as a mixture of Pg and Cpx, and it will precipitate these two minerals and freeze completely –this, of course is a purely theoretical approach and reality is a bit more complicated. We will here assume that the first stage cumulate is made of 70% Ol and 30% Sp, and the second cumulate is 50% Cpx and 50% Pg. 

We’ll also assume that the first cumulate is formed until the SiO2 content of the melt has rised to a value equal to the value of the SiO2 in the second assemblage (i.e., the melt got rid of its Ol component and now evolves on the Cpx+Pg eutectic).
· Calculate the major elements composition of the first (Cum1) and the second (Cum2) cumulates;

· Calculate the F1 value at which the first stage of fractionation stops (i.e., the F1 value at which SiO2(Liq1)=SiO2(Cum2)
· What is the thickness of the Ol+Sp layer of Cum1?

At that stage, we formed the liquid Liq1, through a certain amount F1 of fractional crystallization of the cumulate Cum1. 
· Use Rayleigh’s equation to calculate the trace elements content of Liq1;

· Keeping in mind that D=Cl/Cs, calculate the trace elements composition of Cum1.

In our model, the second step of FC will process until an impossibility is reached –ie, until one of the values becomes negative.

· For which F2 value is this going to happen? What is then the thickness of the Cpx+Pg layer?

· Calculate at that stage the major elements composition of the remaining liquid Liq2

· Calculate the trace elements composition of Liq2 and Cum2.

III. Putting everything together

For each of the four layers (see drawing), you now calculated

· The major elements composition

· The trace element composition

· The thickness

Summarize your results. Discuss
· Your modeled crust: how does it compare to “real” oceanic crust or ophiolitic sections?

· The REE signatures: how would you use REEs to distinguish between the cumulative gabbro layer, and the “magmatic” gabbro layer? Can the differences between E-MORBs and N-MORBs be explained by the differenciation we modeled, or do they require other causes?

· The Ni and Cr contents: where would you look for potential economic deposits of Ni and Cr?

IV. Data

A. Mineral compositions to be used:

	
	Ol
	Cpx
	An
	Sp

	SiO2
	37.64
	53.17
	43.15
	0

	Al2O3
	0.00
	0.00
	36.60
	0

	FeO+MgO
	62.36
	22.02
	0.00
	100

	CaO
	0
	24.80988
	19.12997
	0

	Na2O
	0
	0
	1.112767
	0

	K2O
	0.00
	0.00
	0.00
	0.00


B. Partition coefficients 

(not the same as used in prac 2, beware!)
	
	Ol
	Opx
	Cpx
	Sp
	Pg

	La
	0.007
	0.03
	0.056
	.005
	0.148

	Ce
	0.006
	0.02
	0.092
	.006
	0.082

	Nd
	0.006
	0.03
	0.23
	.008
	0.055

	Sm
	0.007
	0.05
	0.445
	.01
	0.039

	Eu
	0.007
	0.05
	0.474
	.007
	1.5

	Tb
	0.013
	0.15
	0.582
	.022
	0.023

	Er
	0.026
	0.23
	0.583
	.046
	0.02

	Yb
	0.049
	0.34
	0.542
	.077
	0.023

	Lu
	0.045
	0.42
	0.506
	.1
	0.019

	Ni
	24
	5.2
	3.4
	5.9
	.1

	Cr
	2.1
	10
	8.4
	6
	.01


C. Source composition

	Element
	ppm

	La
	0.074

	Ce
	0.300

	Nd
	0.467

	Sm
	0.288

	Eu
	0.124

	Tb
	0.588

	Er
	0.422

	Yb
	0.474

	Lu
	0.080

	Ni
	1960

	Cr
	2625


D. REE 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
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