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Lab 2 - Carbonates, Sulfates, 

Phosphates and Halides 

Reading:  Klein, Chapters 9 and 10

Nesse, Chapters 17 and 18 
	IMPORTANT!

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

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 (check your observation on the book) on the worksheet provided.   Please make your own observations; your TA will know if you are using descriptions from the textbook.

If you test for hardness, scratch only massive material.  DO NOT scratch nice crystals!  When checking for cleavage, look for pre-existing ones... don't  make new ones.  


Exercise 1.  Minerals of the calcite group.

Examine the calcite, rhodochrosite, siderite and smithsonite.   Each of these minerals has rhombohedral cleavage.  In the case of smithsonite, the grain is usually too small to observe the cleavage, but the high density, botryoidal (bubbly) habit, and satiny luster are characteristic.  Color serves well to distinguish these minerals.  Crystals, when present, are typically rhombohedrons or scalenohedrons and are very distinctive.  Study these minerals and write in their chemical formulas (found in your textbooks) in the following table:

	mineral (& formula)
	properties

	calcite
	

	rhodochrosite
	

	siderite
	

	smithsonite
	

	Magnesite
	


Exercise 2.  The aragonite group.

The aragonite group consists of four minerals, aragonite, cerussite, strontianite, and witherite.  Examples of aragonite and cerussite are available for your examination.   Crystals are very common and are pseudo-hexagonal, due to cyclic twinning, which is distinctive.  Associations may be also helpful.  (The lead carbonate cerussite often occurs next to the lead sulfide galena.)  Note samples with high density.  Reaction with acid will not be used in this lab, though it is a good field test for aragonite.

	mineral (& formula)
	properties

	aragonite
	

	cerussite
	


Exercise 3.  Dolomite and two copper carbonates.  

Examine the samples of dolomite, azurite, and malachite.   The saddle-shaped (curved) habit and pearly luster of dolomite distinguishes it from calcite.  The copper carbonates are recognized by their color and corresponding streaks.  Reaction with acid is strong for both azurite and malachite.

	mineral (& formula)
	properties

	dolomite
	

	azurite
	

	malachite
	


Exercise 4.  Common sulfates.

Examine the samples of gypsum, anhydrite, barite, and celestite.   Orthorhombic sulfates are easily distinguished as a group, but individually are more difficult to identify.  Density will set the Ba and Pb sulfates apart from the others, and associations could prove particularly helpful here.  Gypsum is softer than your fingernail.

	mineral (& formula)
	properties

	gypsum
	

	anhydrite
	

	barite
	

	celestite
	


Exercise 5.  Apatite and vanadinite

Examples of apatite and vanadinite are available for examination, both have hexagonal crystal habit.  Apatite mimics beryl in some situations,  but its lower hardness and greasy luster are helpful.

	mineral (& formula)
	properties

	apatite
	

	vanadinite

Pb5(VO4)3Cl
	

	wulfenite

PbMo4
	


Exercise 6.  Common halides.  

Examine the samples of halite, sylvite, and fluorite.  Halite and sylvite both show cubic cleavage and are water soluble; they are best distinguished by taste.  Halite is of course, salt, and sylvite has a somewhat bitter taste. Although the taste test is useful, you are not required to lick the samples.  
	mineral (& formula)
	properties

	halite
	

	sylvite
	

	fluorite
	


Exercise 7.  Mineral Identification.

You will find seven minerals needing your identification.  All minerals are discussed above, but may look a little different.  Use your observations above to identify these minerals.  

	
	identity
	how do you know?

	1
	
	

	2
	
	

	3

elongated crystal
	
	Prismatic habit

H = 5 (Please do not scratch the sample)

	4
	
	

	5
	
	

	6
	
	

	7
	
	

	8
	
	


Supplemental Notes

Introduction to the oxysalts.  Oxysalts are compounds combining one or more cations with multiple anions.  In the case of the mineralogical important oxysalts, there are combinations of oxygen and such elements as carbon, boron, sulfur, phosphorus, and others.  Examples include CO32-, SO42-, and PO43-.  Though there is considerable variability, bonding within the group is typically covalent in character, while the bonding between anion and cation is normally more ionic.

Introduction to the carbonates.  The basic building block for all carbonates is the triangular carbonate group, CO32-.  The polymerization of the anionic CO32- complexes is not possible because of local charge imbalance.  Therefore, the oxygen atoms of the CO32- group have an extra 2/3 electron to bond with other ions.  

Structural variation of the calcite and aragonite groups.  You should recall from the previous lab that Pb could not substitute for Zn in sphalerite because it was too large, and instead forms the mineral galena when it combines with sulfur.  For the same reason, large cations such as Ba2+ and Pb2+ cannot be coordinated with CO32-, in the same manner that Ca2+ and Mg2+ would be coordinated in the calcite or dolomite groups.  The resulting crystal forms are orthorhombic, and are represented by the aragonite group.  Though ionic size may explain why a carbonate of a large cation crystallizes in the aragonite group, and that of a small cation forms minerals in the calcite group, notice that both calcite and aragonite contain the same cation (calcium).

Introduction to the sulfates.  The sulfates are a widespread and abundant group of minerals that have a few properties in common, making them as a rule easy to classify.  As in the aragonite group of the carbonates, there is a group of "orthorhombic sulfates" of Ca, Sr, Ba, and Pb that are similarly related.  This is the barite group.  In addition to this group of sulfates, we will also look at the most abundant sulfate of all, gypsum.

Other oxysalts.  Carbonates and sulfates are the most abundant oxysalts.  However, many mineralogically interesting oxysalts contain such elements as phosphorus, arsenic, vanadium, chromium, tungsten, and molybdenum as the central atom of the anionic radical (forming, respectively, phosphates, arsenates, vanadates, chromates, tungstates, and molybdates).  Most of these minerals form alteration processes from primary sulfides, hence the name secondary minerals.  They are typically soft, 2,3,4, show bright luster, and have bright colors.  The transition metal content causes the colors of these minerals.  Copper makes green or blue minerals, chromium makes red and orange colors, etc. These are the minerals prized by collectors and put on display during the Tucson Gem and Mineral Show.  Vanadinite and wulfenite are normally uncommon secondary minerals, but in Arizona these minerals are both widespread and well-known.  Both occur within 10 miles of the university!

Please DO NOT scratch nice crystals!

(or your name will be a damp mixture of montmorillonite, kaolinite, and goethite ± organic matter)
Please DO NOT scratch nice crystals!


