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Dr. Matthew L. Gorring

Lab #3 -  Petrography and Mineralogy of the Palisades Sill

This lab consists of the samples collected during the 1999 Palisades field trip (labeled Pal-).  They are samples from the same localities that we sampled on our trip.  These samples illustrate nicely the petrographic and mineralogic changes that occur due to differentiation by crystal fractionation of a basaltic magma. The purpose of the lab is to note the changes take place as one goes up in the sill, and to interpret the causes of those changes. 

The major minerals that you will encounter in the lower part of the sill (samples 1-3, 8, 9) are Mg-rich olivine, Mg-orthopyroxene, Ca-Mg-rich clinopyroxene (augite), and Ca-rich plagioclase.  Minerals that you will encounter in the upper part of the sill (samples 4-7, 10) include ferroaugite (Fe-rich clinopyroxene), Na-rich plagioclase, magnetite and opaque oxides, hydrous mafic minerals including amphibole and biotite, and quartz-feldspar intergrowths termed micropegmatite (or myrmekite).

Mineral species and textures are very important in interpreting the history of the sill.  Keep track of the changes in texture, crystal size, and crystal shape as you go up through the sill.  Also, pay attention to the hand samples.

Questions about the lower part of the sill (Pal-1, -2, –3, –8, -9):

1. Why is sample Pal-1 so fine-grained? 

2. Identify the three microphenocryst phases in Pal-1.  There are some small clusters of microphenocrysts, this is called glomeroporphyritic texture (Table 3-1 in textbook). 

3. Look at Pal-2 and either Pal-3, -8, -9.  Summarize in table format, the major distinguishing optical properties of olivine, orthopyroxene, clinopyroxene, and plagioclase. 

	
	Olivine
	Orthopyroxene
	Clinopyroxene
	Plagioclase

	color/pleochroism
	
	
	
	

	birefringence
	
	
	
	

	relief
	
	
	
	

	Other properties (twinning, cleavage, extinction type
	
	
	
	


4. Look at Pal-2 and either Pal-3, -8, -9.  Draw and/or briefly describe some of the textural relations between olivine, orthopyroxene, clinopyroxene, and plagioclase.  Do to this describe the crystal habit (euhedral, subhedral, anhedral), relative size (small, medium, large), and whether crystals form in the spaces between others or appear to be enclosed or “growing into” other crystals.  The following textural terms may also be useful (see Table 3-1 and text Ch. 3):      ophitic, subophitic, poikilitic, oikocryst, interstitial, intergranular  

5. Look at Pal-2 closely.  Olivine grains when enclosed in plagioclase crystals are euhedral, yet olivine grains enclosed in orthopyroxene crystals are anhedral and corroded.  Why?   (Hint: You will need to read about binary peritectic systems on pages 98-101 and/or complete Homework #3 to help answer this).

Questions about the upper part of the sill (Pal-4, -5, -6, -7, -10):

6. What evidence is there that the magmas in the upper parts of the sill were richer in iron than those in lower parts?  (Hint: compare the relative abundance of opaque Fe-oxides).

7. Draw a grain of micropegmatite (or myrmekite, see Table 3-1).  To do this look at Pal-4, Pal-5, or Pal-10 and look at the spaces between crystals (mainly the feldspars).  

8. Look at Pal-5 from the sandwich horizon.  The large quartz grains should be clearly distinguishable from the altered feldspars.   Why is quartz more abundant in the upper parts of the sill?      

9. Look at Pal-4, Pal-5, and/or Pal-10.  What evidence is there that the magmas in the upper parts of the sill contained more water than the lower part?  (Hint: mineralogy, relative abundance of alteration products).  

10. Why are the rocks in the upper parts of the sill coarser-grained than those below?  There is at least two good reasons for this, one obvious and one not so (Hint:  H2O behaves incompatibly and also reduces the viscosity of magma; texture of Pal-10 is a good example of this effect).

11. Explain the progressive grain size reduction displayed by samples Pal-5, Pal-7, to Pal-6.

12. Combining info from the lower and upper parts of the sill, what is the general order of crystallization of the essential minerals in the sill?  Consider the following minerals in your list: micropegmatite, olivine, amophibole, orthopyroxene, clinopyroxene, biotite, plagioclase, and ferroaugite.  Realize that some may have crystallized simultaneously.  What evidence did you base your answer on? 




