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Lab 5 – Silicates II

Reading: Nesse, chapter 11 (pp. 183-185) and chapters 12, 13 and 14;

Klein, chapters 11 and 12; Wenk and Bulakh, Chapters 19 and 29
	IMPORTANT!

For minerals presented in bold type, you must know the formula and key identifying features.  Minerals in plain type are additional examples to illustrate unique properties, or other end-member compositions.  You will be required to recognize all minerals seen in lab.

When examining hand samples and filling in the mineral tables, look at both the crystallized material (when available) and the massive samples.  For each sample, record any identifying features that you observe on the worksheet provided.  You may look up minerals in references to confirm your findings.  Please make your own observations; your TA will know if you are using descriptions from the textbook.


Exercise 1. Framework Silicate I - Macro-crystalline Quartz
Quartz is a mineral that occurs in many varieties and colors.  Amethyst is purple quartz colored by traces of Ti and Fe in the crystal structure; it is often crystallized but also massive.  Rose quartz is massive, and colored by inclusions of a dumortierite-like mineral.  Smoky quartz is gray to brown to black but transparent and received its color by radiation damage.  Citrine is golden colored quartz.  The citrine sample here was produced by heating amethyst; natural citrine is known but is quite rare.  Please describe each of the varieties separately.

(2 pts) What is the formula for quartz? Which crystal system does quartz belong to?

(6 pts.)

	mineral
	observations

	colorless crystals

rock crystal
	

	smoky quartz
	

	amethyst
	

	citrine
	

	rose quartz
	

	milky quartz
	


Exercise 2. Framework Silicate II – Micro-crystalline quartz
(5 pts.)  Besides large crystals, quartz also forms microcrystalline arrays.  There are arrays of interlocking granular quartz, i.e., chert and jasper.  They are characterized by their dull luster.  Jasper is simply a hematite stained variety of chert.  Another form of quartz is cryptocrystalline quartz, which consists of interlocking fibers of quartz.  This material is collectively known as chalcedony.  These interlocking patterns are very dense and tight, and produce a hint of elasticity to the quartz.  Chalcedony is used to name solid color, and often botryoidal formations of cryptocrystalline quartz.  Agate is banded chalcedony.  And petrified wood is chalcedony (usually agate variety) which has replaced wood.

	mineral (& formula)
	observations

	chalcedony
	Intergrowth of fibrous microcrystalline quartz

	agate
	Chalcedony with color banding

	chert
	Interlocking granular microcrystalline quartz

	jasper
	Red-colored chert

	petrified wood
	


Exercise 3. Framework Silicate III - Opal
(1 pt.) Opal consists of fine grained spheres of silica, usually of the cristobalite structure.  It forms in sedimentary environments, and often contains water.  Opal is best distinguished from quartz by its waxy luster.  Colorless botryoidal opal is known as hyalite. 

	mineral (& formula)
	observations

	opal


	


Exercise 4. Framework Silicate IV - Feldspars
(5 pts.)  Feldspars are most abundant minerals in the earth’s crust.  Microcline, orthoclase, and sanidine look alike, but have subtle differences in transparency, habit, and color.  They are best distinguished by their occurrence; sanidine in volcanics, orthoclase in regional granitoids, and microcline in late stage granitic environments like dikes.  Green/blue material is however only microcline.  These three are known collected as potassium feldspars, or “K-spars”.  They are distinguished crystallographically by the positioning of Al and Si among four separate tetrahedral sites.  Plagioclase is general term for any member of the series albite (NaAlSi3O8) to anorthite (CaAl2Si2O8).  The plagioclase samples from lab represent compositions known as andesine and labradorite.  Labradorite is characterized by labradorescence, a special play of colors created by exsolution in the mineral.

	microcline
	

	orthoclase
	

	sanidine
	

	albite
	

	plagioclase
	


(5 pts.)  Draw a ternary diagram of plagioclase and K-feldspar.  
(2 pts.) K-feldspar that cools slowly develops exsolution lamellae. Describe this phenomenon (i.e., how this occurs and why this occurs). 
(2 pts.) Microcline belongs to a different crystal system from orthoclase and sanidine because Si and Al are ordered in the tetrahedron in microcline. Which crystal system does microcline belong to? Which crystal system does orthoclase belong to? 
Exercise 5. Framework Silicate V - Feldspathoids

(3 pts.)  Feldspathoids are silica poor framework structures similar to the feldspars but much less common.  They are found in basaltic rocks and low-silica granitoids.

	nepheline
	

	sodalite


	

	leucite
	


Exercise 6. Framework Silicate VI - Zeolite group

(3 pts.)  Zeolites are important industrial minerals used to soften water, and to process petroleum.  Two examples are stilbite and heulandite.  Stilbite has a characteristic sheave-like habit and heulandite forms pagoda shaped crystals. 

	mineral (& formula)
	properties

	stilbite


	

	heulandite
	


Exercise 7. Phyllosilicates I – Serpentine and clays
(4 pts.)  Examine the sheet silicates listed below.  Serpentine consists of two minerals, antigorite and lizardite, which cannot be distinguished in hand sample.  Antigorite is more common, and will be seen in lab.  Serpentine often contains chrysotile, which is the most common form of asbestos.  Chrysotile asbestos consists of sheets rolled into tubes.  Despite popular belief, not all forms of asbestos have proven health effects.  Chrysotile does not form the sharp rods that penetrate the alveoli of your lungs; it is harmless.   Note that kaolinite looks like chalk but does not react to acid.

	antigorite

(& chrysotile)


	

	kaolinite
	

	Talc
	

	pyrophyllite
	


Exercise 8. Phyllosilicates II – Mica

(4 pts.) Examine the three mica group minerals, “biotite” (annite), muscovite, and phlogopite.  These minerals all have micaceous cleavage; they are differentiated by their color.  Biotite is the darkest of the micas, and is a common name for high iron mica.  Annite is the specific iron end member composition given below, and the dominant component in most “biotites”.  Use the term biotite for unanalyzed dark mica.  Phlogopite has a golden color, and characteristically occurs in marbles. 

	mineral (& formula)
	properties

	“biotite” (annite)

KFe2+3(Si3Al)

O10(OH)2
	

	phlogopite
	

	muscovite
	

	lepidolite
	


Exercise 9. Phyllosilicates III – Chlorite

(1 pt.)  Chlorite is similar to mica, with added brucite layers between the silicate layers.  This makes for a more brittle mineral than mica.  Chlorite consists of several different iron-magnesium phases, which are characteristically green in color.

	mineral (& formula)
	properties

	chlorite
	


Exercise 10. Mineral Identification 

(10 pts.)  Six samples need your identification.  All minerals are discussed above, but may look a little different.  Use your observations from above to identify these minerals. 

	
	identity
	how do you know?

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	


(15 pts.) List 6 crystal systems. What are their axes and angles? (e.g., tetragonal: a=b≠c and α=β=γ=90°)
1

