Magma evolution
2- Fractional crystallization; liquid evolution
This is the “reverse image” of the crystals-cumulates story. We now focus on the residual liquid composition.
I. Liquid evolution in phase diagrams

A. Liquid evolution in Fo-Di-An

As should be clear by now, the liquid evolves towards the eutectic, by removal of successive crystal associations (depending on the initial melt composition). 

Evolution towards the eutectic is a general feature of magma evolution: magmas are “attracted” towards their eutectic composition, they “fall” into the eutectic “pit”. The only question is the route they will follow to arrive there = different magmatic series!
It can be a problem for the interpretation of igneous rock: is a composition close to the eutectic a product of the melting (low temperature melts are eutectic!), or of evolution via FC?

B. Eutectics in felsic systems

Systems like Fa-Ne-SiO2, or SiO2-Ne-Le have two eutectics: one on the saturated side, one on the undersaturated side.

There is therefore a major divide line:

· Melts with initial composition on the saturated side will stay there, and evolve towards quartz-rich compositions (rhyolites): sub-alkali series, BADR (basalt-andesite-dacite-rhyolite).

· Melts initially undersaturaled will likewise stay so, evolving towards the “Ne-side” eutectic: this is the “alkali” eutectic, corresponding to alkali series (evolving towards the undersaturated phonolites etc).

This is the reason for the first-order distinction between the alkali and sub-alkali series.
II. The reverse approach: understanding descent lines

Geologists do not have access to the composition of initial magmas! But they can observe a suite of lavas that can be interpreted as more and more differenciated liquids.

A. Fitting descent lines
In elements-elements diagrams, the composition of a suite of rocks related by FC plot along lines that can be interpreted as evolution of the residual liquid during cooling: they are “descent lines” (with decreasing T).

An important observation: in all chemical diagrams, the composition of a mixture plots between the two end-members. 

In that case, L1 = L2 + Crystals, so L1 plots between L2 and the Crystals, and the three are aligned.

Math formulation: mass balance!

C0 = f Cl + (1-f) Cs
Therefore, if a line is to be interpreted as a descent line:

· The “less differenciated” composition is C0;

· The other compositions are Cl’s;

· The cumulate is somewhere in the diagram, in a position such that it is aligned with the descent line.

Plotting minerals on a diagram allows to discuss their involvement. One, two or three components “cumulates” are easy to represent graphically.
Curved trends imply changing cumulate composition (cf. transition from divariant to univariant or uni to invariant in An-Di-Fo).

B. Some remarks

· Relative abundance of cumulates and liquids: differenciated basalts into granitoids requires huge amounts of cumulates (80-90% of the initial liquids). Yet, cumulates are seldom observed, and not in massive quantities.

· Trace elements can also be used to discuss fractional crystallization (as we’ll discuss next week).







