Partial melting (2)

Melting of the crust
The crust is more heterogeneous than the mantle (or is it simply better known?). Several component appear to be especially “fertile”, i.e. melt readily and generate large amounts of granites:

· orthogneisses, i.e. old plutonic rocks transformed (in particular Archaean tonalites, that form a large part of the crust of old blocks);

· metasediments, especially detrical (the others are too uncommon).

Both are mostly Qz-Bt-Pl±Kf±Ms±AlS assemblages, and are therefore not too different. In addition, the felsic components are typically largely dominant (70-90 %).

I. Phase diagram approach
A. The simple Qz-Ab-Or (H2O) system

A reasonable simplification of the crust.

Note that this is technically a “pseudo ternary”, as H2O is present (and is, therefore, a fourth component).

At 5 kbar, the system is reasonably simple. The three sub-systems have eutectics, and the ternary system’s eutectic is at about Qz30Or25Ab45 and T< 680°.
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At 1kbar, the liquidus surface is (surprisingly) at higher temperature, i.e. the liquidus has a negative Clapeyron slope in a P-T diagram. The thermal minimum is at about 780°, 100° above he 5 kbar eutectic. This causes Ab and Or to be able to form solid solutions (super-solvus alkali feldspar). Thus, two of the binary subsystems have eutectics (on the Qz-Ab and Qz-Or joints); the third makes a complete solid solution. This nevertheless defines a thermal minimum (a “pseudo eutectic”) at Qz37Or29Ab24.

At high pressure, the eutectic is further shifted towards the Ab corner.

B. Granites composition

When plotted on the same diagram, a large part of the world’s granites plot close to the eutectic, emphasizing the role of eutectic melting in the crust. 
It also suggests that most granites are formed in the upper or middle crust (< 0.5 GPa).

II. Experimental petrology and the study of crustal melting

Melting of the Qz-Bt-Pl±Kf±Ms±AlS system has been the subject of numerous experimental work (and some more is being done at US). It is actually a complex system (Si, Al, Fe, Mg, Ca, Na, K are all potentially major components, while Ti probably plays a role. In addition, the role of H2O and/or CO2 further complicates things). Therefore, purely theoretical (phase diagram) approach is difficult.

Experiments are conducted by putting a small rock sample in a gold (or platinum) capsule, and putting it in the appropriate P-T conditions. This is normally done by putting the capsule in a graphite furnace through which electricity flows, itself in a pressure device (either gas pressure: gas vessel, < 3-5 kbar; or solid pressure: piston-cylinder or multi-anvil, resp. <20 kbar and >100 kbar). At US, we have a gas vessel and a piston cylinder.

Temperatures up to 1000° are relativily easy to explore; gold reaches its melting point at 1064°, so above this point other materials are needed, requiring more elaborate experimental technologies. Anyway, all the P-T conditions expected in the crust can be easily explored.
III. Melting in the crustal systems

A. Congruent and incongruent reactions

The reactions we studied yesterday were all congruent: no new solid was formed during the melting reactions.
This is for instance the case of the eutectic melting reaction, 

Qz+Or+Ab+H2O = L.

In crustal materials, incongruent reactions are commonly observed, i.e. reactions in which a new solid phase is formed. Eg:
Ms + Qz + Ab = L + AlS
This is actually the combination of two reactions:

· A metamorphic reaction, Ms+Qz=AlS+Or+H2O 

· Eutectic melting: Ab+Or+Qz+H2O=L

The water (and Or) released by muscovite breakdown is used to induce the melting of the (newly-formed) Qz-Ab-Or assemblage; the product of muscovite dehydration, AlS, remains a solid.

B. Main melting reactions in the crust

Arranged by increasing temperature:

· Eutectic melting (see above)

· Muscovite breakdown (muscovite dehydration melting), as above;

· The most efficient melt-producing reaction is the biotite-breakdown reaction (“biotite dehydration melting”):

Bt+Ab+Qz+AlS = L + Crd/Gt

Can you see which two reactions make it?
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Of the three main reactions, eutectic melting can be locally important (but free water in the crust is not very common). Muscovite melting is limited by the generally minor amount of muscovite in the ordinary rocks. Therefore, biotite dehydration melting is the most melt producing reaction in real rocks.

Note also two interesting features of the above diagram –related to the opposed slopes of the melting curves (eutectic and Bt dehydration):

· Decompression of the crust can generate melts (by biotite breakdown). This makes orogenic collapse a major site of granite genesis.

· High temperature melts (i.e., from biotite breakdown) can move far higher in the crust than wet, low temperature melts, that are likely to freeze in situ or close to their formation site (1 and 2 on the diagram above).

C. Melting of an heterogeneous crust

Thinking in terms of melting reactions helps to understand the melting behaviour of a complex system. Let’s assume an heterogeneous crust, with an old basement (tonalitic now) and a previous sedimentary cover (now paragneisses), having the following mineral assemblages:
	Orthogneiss (tonalitic)
	Or-Ab-Qz-Bt-AlS

	Paragneiss
	Qz-Pg-Bt


In addition, a shear zone drains water in the paragneisses.

What will happen during increasing temperatures at 10 kbar?
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