
Chapter 4 

Exercises 

1.  Observations and experiments show that rate of cooling is related to crystal size in igneous 
rocks.  Specifically, fine-grained igneous rocks are related to rapid cooling of lava, whereas 
coarse-grained igneous rocks are related to slow cooling of magma.    

2. Mafic igneous rocks are composed of silicate minerals that are low in silica.  Specifically, 
mafic igneous rocks are composed mainly of pyroxene and calcium-rich plagioclase, plus 
amphibole and olivine. 

3. Felsic and intermediate rocks, with the composition of granite, granodiorite, and diorite may 
contain quartz. 

4. Two intrusive igneous rocks with a higher silica content than that of gabbro are diorite and 
granite. 

5. The difference between a magma formed by fractional crystallization and one formed by 
ordinary cooling is that the magma becomes progressively enriched in silica. 

6. Fractional crystallization leads to magmatic differentiation because minerals that form at high 
temperature and are then removed from the magma change the composition of the residual 
liquid, which in turn crystallizes to form more silica-rich igneous rocks. 

7. In the crust, a partial melt of basaltic composition might be found in the oceanic crust, near a 
mid-ocean ridge.  In the mantle, a partial melt of basaltic composition might be found in the 
upper parts of the mantle.  The Earth’s core would not contain a partial melt of basaltic 
composition. 

8. In plate convergence, magmas form by melting of the down-going plate and rise into the 
overlying plate (in an island arc or continental margin mountain range).  In plate divergence, 
magmas may form in the upper mantle beneath a spreading center and rise in the mid-ocean 
ridge.  In plate-related hot spot volcanism, magmas rising from within the mantle emerge 
through the overlying plate. 

9. Melted rock is less dense than the rock it came from and that is surrounding the melt, so they 
rise by melting through the overlying rock or moving upward through fractures. 

10. On the ocean floor, you would find basaltic magmas being extruded in volcanoes and fissures 
located at the mid-ocean ridges and in volcanoes located above hot spot plumes rising from the 
mantle. 

 



Thought Questions 

1. A coarse-grained igneous rock that contains about 50 percent pyroxene and 50 percent olivine 
is an ultramafic rock, or peridotite. 

2. An porphyritic, mafic igneous rock would contain some plagioclase feldspar crystals about 5 
mm long “floating” in a dark gray matrix of crystals of less than 1 mm. 

3. Regarding differences in crystal size between two sills, the sill intruded at a depth of about 12 
km, where the country rock was very hot, would likely have larger crystals (be more coarse-
grained) that the other sill, which was formed at a depth of 0.5 km and where the country rock 
was moderately warm.  In the latter sill, the rock would have cooled more rapidly and thus finer 
crystals would have formed in it. 

4. If you were to drill a hole through the crust at a mid-ocean ridge, you would likely encounter 
extrusive, basaltic pillow lavas at the surface and intrusive sheeted dikes of basalt near the 
surface.  At the base of the crust, gabbros of intrusive origin would be present. 

5. A pluton that solidified during fractional crystallization would be characterized by a vertical 
sequence of minerals and textures indicative of its cooling history.  In fractional crystallization of 
mafic magmas, a sequence of olivine (first), pyroxene, amphibole, and biotite will form.  In 
fractional crystallization of silicic magmas, calcium-rich plagioclase (first) forms first. 
Gradually, more sodium-rich plagioclase forms, followed by quartz, muscovite, and orthoclase.  
In mafic igneous rocks in particular, fractional crystallization leads to formation of layering of 
minerals according to the crystallization sequence. 

6. Assuming that magma with a certain ratio of calcium to sodium starts to crystallize, if 
fractional crystallization occurs during the solidification process, the plagioclase feldspars 
formed after complete crystallization will have a different ratio of calcium to sodium that 
characterized the magma.  This is so because the calcium is taken preferentially into plagioclases 
that form early in the crystallization history.  Later formed plagioclases will be more enriched in 
sodium. 

7. Plutons are more likely than dikes to show the effects of fractional crystallization because they 
contain a larger volume of melted material and have less surface area for their size and thus are 
likely to cool more slowing than dikes. 

8. The origin of a rock composed almost entirely of olivine would be from a magma that is at 
high temperature and is enriched in iron and magnesium.  The olivine-rich rock likely formed by 
fractional crystallization early on in the cooling process.  This likely occurred at significant depth 
within the Earth’s crust or upper mantle.  

9. The unequal sizes of crystals in porphyries occur because the cooling process starts slowly 
(usually deep underground, where heat escapes from the magma very slowly) and then rather 



suddenly speeds up (usually due to a change in location from deep underground to near the 
surface).  The most common scenario for this change is some kind of volcanic process. 

10. Water, which is abundant in the sedimentary rock and oceanic crust at subduction zones, 
would affect melting in these subduction areas by lowering the temperature at which rock 
materials can melt.  Water in rock also distributes heat more effectively throughout the rock 
allowing large volumes of melt to be generated in such zones. 

11. Even though much of Earth’s crust and nearly all of its mantle are composed of basaltic or 
ultramafic rocks, granitic and andesitic rocks are plentiful on Earth because the rocks of the crust 
are re-melted in the subduction process and the lighter minerals, which make up granitic and 
andesitic rocks, are preferentially melted and concentrated in the crust as a result. 

 

 

 


