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I.
Making New Minerals by Melting and Crystallizing Magma 

A.
Analyzing the Bowen's Reaction Series Chart (See also Figure 2.8 on p. 46 of the textbook)
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B.
Why are there different kinds of igneous rocks with different kinds of minerals in them?

C.
Rocks never fully melt; they partially melt. What happens as a rock partially melts? 

1.
Ice, butter and cheese analogy:  

a.
Mix cubes of ice, butter and cheese together, add a little water and put this mixture in the freezer. You have made a “rock.”

b.
Put this fake rock in a bowl in the refrigerator.


What melts? 




What does not melt? 



c.
How would the melt be different from the original “rock?”

2.
Partial melting of real rocks

a.
What melts? What doesn't? 

b.
How is the melt different from the original rock?

3.
Cooling and solidification of the melt:


After the melt cools and solidifies into rock, how is that new igneous rock different from the rock that originally melted?

4.
Specific Implication for the generation of magma in the mantle.

	Why does mantle rock (partially) melt?
	1.
At divergent plate boundaries and hot spots:

2.
At subduction zones:



	What type of rock (partially) melts?
	

	What type of magma is formed?
	

	What types of igneous rocks are formed when the magma cools?
	1.

2.


	What are the minerals in these rocks?
	1.


2.


3.


4.


5.
Specific Implication for the generation of magma in continental crust:

	Why does continental crust (partially) melt?
	

	What type of rock (partially) melts?
	

	What type of magma is formed?
	

	What types of igneous rocks are formed when the magma cools?
	1.

2.


	What are the minerals in these igneous rocks (that originated from partially melted continental crust)?
	1.


2.


3.


4.


D.
Question: All of the above nicely explains how mafic and felsic igneous rocks form, but how are intermediate igneous rocks formed? 

Why is this question important? Intermediate igneous rocks are VERY common. All the chains of volcanoes that form at subduction zones (Cascades, Andes, etc.) are made primarily of andesite, an intermediate-composition rock.

The short answer: Magmatic differentiation (for an illustration, see Figure 2.9 on page 47 of the textbook) 

1.
What is magmatic differentiation?

2.
How does magmatic differentiation work?

a.
As magma gradually cools underground…

b.
 As crystals form…

c.
Early-formed crystals sink to the bottom of the magma chamber.

Why?

1.


2.


d.
While all of this is going on, the magma is rising upward, which means…

e.
The net result:

3.
How does all of this relate to the Andes Mountains? The Cascade Range? (See the two diagrams that show subduction on Figure 8.29 on pages 250 of the textbook).

II.
Making New Minerals by Chemical Weathering of Rocks

A.
Hydrolysis

B.
Oxidation

III.
Making New Minerals by Precipitating Dissolved Chemicals from Water

A.
Evaporation

1.
How it works:

2.
Where do the dissolved chemicals come from in the first place?


3.
Minerals formed this way: 

4.
Where can this happen? 

B.
Organisms extracting chemicals from water

1.
How it works

2.
Minerals formed this way:  
IV.
Making New Minerals by Metamorphosing Rocks

A.
Why does metamorphism take place?


Examples:
B.
How do new minerals form during metamorphism?

C.
Minerals formed this way:   

V.
Summary: How Minerals are Formed

A.
Igneous Minerals:  Minerals formed when magma crystallizes

B.
Sedimentary Minerals:  

1.
Minerals formed by chemical weathering

2.
Minerals formed by extracting or precipitating dissolved chemicals from water

C.
Metamorphic Minerals: minerals formed during metamorphosis
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