Geochemical “markers” of magmatic processes
How can we use the (chemical) composition of the end-products, the igneous rock, to tell which process operated?

I. What is the problem?

Several process can generate magma diversity:

· Partial melting (PM), generating melts increasingly different from the eutectic composition as melting progresses (= as T increases). For instance, in the Fo-Di-An system, the eutectic melts are generated by An+Di+Fo=L, but subsequently more mafic components go into the melt (L1+Di+Fo = L2 along the Di-Fo joint)

· Fractionnal crystallization (FC) generates trends towards the eutectic during cooling. But the same reactions operate (L1 = L2+Di+Fo), so there is no real difference in the end product!
· Magma mixing, assimilation, etc. can also give very similar trends, if the “contaminant” happens to be close to the solid’s composition (not unlikely, this is a common rock-type!).

How to make the difference?
II. Major elements behavior

In all of the three processes, the same mass-balance relation applies. Lines in element-element plots can be interpreted as liquid descent lines (with cumulate), melting trend (with restite) or mixing lines (between two end-members).
It is not possible to make the difference between the three (another way of saying that the same reactions occur during PM or FC!).
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III. Isotopes evolution

Isotopes help to fingerprint mixing/contamination/assimilation/etc. Chemical reactions (such as melting of FC) do not fractionate isotopes, so the initial ratio of the melt is the same as the initial ratio of the source/primitive liquid. In elements-isotopic ratio diagrams, both melting and FC generate flat trends.
In contrast, mixing of isotopically contrasted sources shows isotopic mixture between the two “sources”, and can be used as a proof of the implication of two distinct sources.

IV. Trace elements

In this case, the most powerful tool to make the difference.

A. Qualitative approach

· Mixing simply averages the composition of the end-members: smooth evolution of the mixture’s composition.

· During FC, the compatible elements are removed very efficiently from the melt, as the crystals precipitate away as soon as they are formed. As a result, melts are strongly depleted in compatible elements.
· During PM, this is less true (batch process, everything stays in place). The melts are moderately depleted in compatible.
Note that incompatible elements behave in relatively similar ways during both process (they stay in the melt and are progressively diluted/concentrated by addition/removal of less enriched components to/from the melt).
B. Basic equations

An important difference between FC and PM: PM is a batch process, during which all the magma formed is removed as one big batch. FC is more progressive, continuous, with the crystals being removed as they form.

· Mixing writes as a pure mass-balance equation (therefore, mixing trends are also lines, even in trace elements diagram—this is not the case of the other two processes): Cmix = XaCa + (1-Xa)Cb
· Melting equation has been established previously (cf. prac 3). It reads 
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· FC equation is more complex (Rayleigh’s law) and more difficult to establish rigorously. It is 
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This translates in the behavior described above (cf. curves of F vs. concentration).
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C. An exemple of element-element diagrams

Incompatible elements behavior is similar during PM and FC, but compatible show strong differences (several orders of magnitude).

Note that the “source” does not represent quite the same thing. It is a solid for PM, a liquid for FC; FC moves the composition away from the source as more crystals are removed while PM moves it closer to the source as material is added to the melt (until F=1, everything is liquid and therefore of source composition).
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D. The use of log-log diagrams

In the case of elements with strongly contrasted behavior, log-log diagrams actually happen to strongly differenciate FC from PM (this is easily demonstrated by cwriting the expression of the slope of a FC or PM trend in a binary element-element diagram, and approximating D (close to 0 for incompatible, >> 1 for compatible, so D-1 >> 1).
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