Ways to form magmas of different composition (in general)

I. Differentiation 
Differentiation is any process whereby a single homogeneous magma is able to produce a variety of chemically different igneous rocks.  Several ways that it can occur are:

a.  Fractional crystallization

b.  Filter pressing

c.  Liquid immiscibility

d. Gaseous transfer  

The most important method of differentiation is fractional crystallization.  This occurs when crystals somehow are completely or partially prevented from reacting with the melt (by settling, flotation); when this occurs, the final melt composition will be different from that predicted by equilibrium crystallization (when reactions are permitted to go to completion as indicated by phase diagrams).  

Occasionally liquid can be 'siphoned-off' during the crystallization process, and this is known as filter pressing.    Liquid immiscibility is important in producing massive sulfide deposits.  A basaltic magma can dissolve a certain amount of S, however, after initial crystallization of silicate minerals, the S builds up in the magma until it becomes oversaturated in the magma.  At this time, a separate sulfide liquid separates.  The sulfide liquid will dissolve large amounts of iron and oxygen and most of the Cu and Ni.  Another example of liquid immiscibility occurs when a magma becomes oversaturated in phosphorus, and thus develops an apatite-oxide melt which ultimately crystallizes as a rock composed of magnetite, ilmenite and apatite.  

In some unusual cases, two immiscible silicate magmas can be produced

II. Partial Melting

III. Assimilation

IV. Magma mixing

Differentiation:
Start with the premise that basalt magma comes from melting the mantle. The mantle is probably not homogeneous and it probably is composed of varying amounts of garnet, pyroxene and olivine.  Now ask yourself why basalt, whether it comes from Hawaii, or from the state of Washington, from Duluth or from Siberia, is very similar in composition across the world.  

N.L. Bowen was one of the first experimenters in melting rocks and he came up with one of the processes of differentiation of magma using fractional crystallization.  He wrote The Evolution of Igneous Rocks in 1928.  He found that when he melted basalt, and allowed it to cool, quenching after several time frames, that olivine crystals tended to settle out of the magma into an olivine rich layer at the bottom of the holder.  He believed that all igneous rocks could be derived from basalt magma by fractional crystallization.  Hence we have Bowens Reaction Series. Discontinuous on left vs. Continuous on right:
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If reactions between crystals and liquid are maintained, liquid will be used up giving a gabbro, however, if the liquid crystal reactions are incomplete or prevented (by crystal settling for example), the remaining liquid can produce diorites, or in more extreme cases, granodiorite to granite.

One can use Bowen's Reaction Series, and fractional crystallization to explain the crystallization trends found in the Palisade Sill.

The Palisade Sill is 330 m thick and intrudes Triassic sandstone and outcrops on the west bank of the Hudson River opposite NYC.  It has the composition of tholeiitic (didn't use that term in class) basalt with a composition of 50% augite, 47% labradorite, 1% olivine and 2% other.

I talked about chilled contacts and described how these would be representative of the composition of the melt that intruded.  In the case of the Palisade Sill, the chill is about 15 m thick.

I talked about the olivine rich layer at the bottom (20-25% olivine) and the fact that plagioclase becomes more sodic toward the top.  Also pxroxene becomes more Fe enriched toward the top.

I also talked about the pegmatitic zone 2/3 of the way up.   It is pegmatitic and more sodic and Fe enriched than the rest of the sill but it is not granitic.

I talked about how differentiation can produce granitic magmas, however there is just too much granite in the world--and not enough corresponding basalt and so we must find another method of creating granitic magma.  (I am including any magma more siliceous than a granodiorite in this group.)

Partial Melting:

We started into a discussion of partial melting.  I started by saying that if we partially melt the mantle, we get a basalt; melt a basalt and we get andesite; melt an andesite we get dacite and rhyolite; and melt crustal material we get rhyolitic material.  What I didn’t do was demonstrate this with a down going plate boundary. 

What effects partial melting?

1.  The type of rock being melted--as above.

2.  The amount of melting.  If we get a low % of partial melting, we will yield the eutectic composition.  However if we continue melting, the composition will change--up the liquidus toward the original bulk composition.

3.  The pressure it melts at. The position of the eutectic, and thus the material that first melts, is dependent upon the pressure at which it melts. 

4.  The presence of a fluid.  Fluid phases greatly depress the melting point of rocks.  Fluids preferentially dissolve in the magma, and thus lower the melting point. 
5.  Rate of ascent

5a.  Level and degree of wallrock interaction.

5b.  Level and degree of differentiation upon ascent.

If magma moves very quickly from its point of origin to the surface, it is less likely to interact with rocks along the way, and less likely to cool and thus won't differentiate on the way up.
