
EPSC 210 Introduction to Mineralogy

Laboratory #10:sulfates, phosphates, tungstates, etc.

(FDA, Room 211, Fri. November 22, 2002)


This week, the minerals come from diverse chemical classes.  Some of these form at relatively low temperatures (<200oC) from seawater, hydrothermal springs or groundwaters but a few can precipitate from magma. Many are part of assemblages that are used in prospecting for orebodies.

By the end of this laboratory exercise, you should be able to  identify the minerals listed below (in disorder) in the starred positions within drawers #2 and #3:

azurite
 celestite  anhydrite
annabergite
nickeline

gypsum
 anglesite  apatite
   
wolframite


barite
 erythrite  malachite  
skutterudite

Drawer #2

	PRIVATE 
siderite
	rhodochrosite
	calcite
	dolomite
	aragonite
	cerussite
	(56)*

	bauxite
	halite
	sylvite
	fluorite
	cryolite
	magnesite
	smithsonite

	pyrolusite
	rutile
	cassiterite
	uraninite
	brucite
	goethite
	manganite

	(71)*
	cuprite
	magnetite
	chromite
	corundum
	hematite
	ilmenite

	covellite
	stibnite
	pyrargyrite
	pyrite
	marcasite
	arsenopyrite
	molybdenite

	sphalerite
	chalcopyrite
	tetrahedrite
	enargite
	(89)*
	galena
	cinnabar

	silver
	copper
	graphite
	sulfur
	chalcocite
	bornite
	pyrrhotite



Drawer 3

	PRIVATE 
(99)*
	(100)
	(101)*
	(102)*
	(103)*
	(104)*
	(105)*

	(106)
	(107)*
	(108)*
	(109) 
	(110)*
	(111)*
	


All the minerals seen since the last test will be on the exam next Friday, Novm 29. Quartz and feldspars remain on the test.

Bauxite
  This substance is actually a mixture of several minerals: hydroxide and oxihydroxide(diaspore, gibbsite and boehmite).  It is therefore, strictly speaking, a rock rather than a mineral. We mention it because of its economic importance (it is the main ore of aluminum).  Dull luster, quite light because of its porosity (i.e. small cavities between mineral grains), variable in hardness (H=1-3).

HALIDES

  This group of minerals shows the best examples of crystalline structures dominated by ionic bonding.

Halite NaCl

  Colorless if pure.  Cubic with cubic cleavage.  Very soluble in water. Soft.  Rinse the specimen with water before and after licking if you want to use taste as a characteristic.
Sylvite KCl

  Same structure as halite. Colorless if pure but often tinted red or blue from impurities.  Water soluble and as soft as halite.  Its taste is more bitter ("vinegar") than halite's. Rinse the specimen with water before and after licking if you want to use taste as a characteristic.

Fluorite CaF2
  Often cubic, sometimes found as penetration twins.  Perfect octahedral cleavage. Well-preserved faces may show square growth hillocks. Colour and fluorescence are highly variable because they are influenced by impurities. Fluorescence is related to the presence of rare-earth elements (e.g. Y, Ce) that occasionnally substitute for Ca2+ ions.
CARBONATES


The carbonate minerals presented here fall into three groups: a) the aragonite group (orthorhombic), b) the calcite/dolomite group (rhombohedral) c) the hydrous carbonates.


Effervescence is a useful field test for the identification of carbonate minerals. Test for this characteristic on a dry area of the specimen (use a paper towel if necessary). Scratching the specimen before pouring a few drops of dilute HCl on its surface will enhance the reaction if it has been altered by weathering.

Aragonite group: minerals from this group have rather large cations (Ca, Sr, Pb) surrounded by 9 oxygens from neighbouring carbonate groups. All are orthorhombic minerals.

Aragonite CaCO3

Aragonite is the crystalline form of calcium carbonate secreted as pearls by oysters and as shells by many corals and other marine invertebrates.  Crystals commonly form under conditions of high supersaturation, from hot springs or in caves, as elongated prisms. Tabular crystals are often combined as pseudo-hexagonal twins.  Effervesces noticeably in HCl.

Cerussite PbCO3

Crystals often seem dendritic because of twinning. Its high specific gravity is characteristic.  Does not react strongly with HCl.

Calcite/dolomite group: members of this group crystallize with hexagonal-rhombohedral symmetry, i.e. the crystals show sets of three, six or twelve faces of the same type. The structure accommodates smaller cations than do minerals from the aragonite group, and each cation is coordinated to 6 oxygens from neighbouring carbonate groups.  All minerals show a distinctive rhombohedral cleavage but react to different degrees with HCl.

Magnesite MgCO3
  Does not react noticeably with “cold” (i.e. room-temperature) HCl.  Usually forms aggregates of very small crystals.  Hardness is quite variable (H=3.5-5).

Calcite CaCO3
  Extremely variable in crystal habit. Look for evidence of the three-fold symmetry, its perfect rhombohedral cleavage and noticeable effervescence with HCl.  May be variously coloured by impurities substituting for Ca2+ or minute inclusions of hematite and other minerals.

Siderite FeCO3
  The presence of iron gives this carbonate a light-brown colour. Its reaction with HCl is much weaker than calcite’s or aragonite’s.

Rhodochrosite MnCO3
  The presence of Mn givest his carbonate a distinctive and diagnostic pink colour.  Its good cleavage and softness distinguishes it readily from rhodonite.
Calcite/dolomite group (continued):

Smithsonite ZnCO3
  Often in yellowish or greenish, the crystals commonly form botryoidal aggregates (i.e. grape-like clusters) in which the cleavage of individual crystals cannot be seen.

Dolomite CaMg(CO3)2
  Generally crystallizes as rhombohedra, sometimes in crystals with curved faces that resemble the shape of a saddle.  The color is variable but usually lighter than that of siderite or rhodochrosite. Reacts only weakly with HCl. Slightly harder than calcite.

HYDROUS CARBONATES
Malachite Cu2CO3(OH)2
  Its bright green colour is characteristic.  Effervesces in HCl. Usually present as botryoids (radiating fibers).  Softer than chrysocolla but very similar colour.

Azurite Cu3(CO3)2(OH)2

A hydrous carbonate minerals easily identifiable by its bright blue colour due to copper.  It is often associated with malachite (note how close they are in composition) but the latter is bright green. Effervesces with HCl.

SULFATES

Barite group: the sulfates of Ba, Sr and Pb form an isostructural group and crystallize with very similar habits and physical constants (e.g., H = 3-3.5, one good cleavage and an imperfect one).  Their dense metallic cation gives them a high specific gravity.

Barite BaSO4
  Its tabular crystals are commonly diamond-shaped. Groups of crystals called "barite roses" are frequently sold to collectors. Distinctly heavier than celestite.

Celestite SrSO4
  Very similar to barite but of lower specific gravity.  Often faintly blue or red.

Anglesite PbSO4

Very similar to barite but crystal habits are more varied. Its specific gravity (6.2-6.4) is unusually high.
Other sulfates

Gypsum CaSO4 . 2H2O

This hydrous sulfate has a characteristic cleavage and low hardness. The "swallow-tail" twin is easy to recognize but not necessarily common. The variety "alabaster" is opaque and shows conchoidal fracture because of the very small crystal sizes.

Anhydrite CaSO4
  Rarely present as good crystals, but its three cleavage make is look like an isometric mineral with cubic cleavage. May form by dehydration of gypsum and adopt the swallow-tail twin habit because of pseudomorphism.

PHOSPHATES

Apatite
  Its hexagonal prismatic habit is characteristic. Superficially similar to beryl but noticeably softer.

TUNGSTATES


These minerals have a high specific gravity because of the presence of tungsten, W.  They are economically important as ores of tungsten, a hardening metal widely used in the manufacture of steel.

Scheelite CaWO4
  Its crystal form (tetragonal dipyramids) is very similar to that of zircon. However, scheelite is softer and often fluoresces under shortwave ultraviolet light.

Wolframite (Fe, Mn)WO4
  Its dark color, single perfect cleavage and high specific gravity are characteristic.  The tabular crystals look somewhat like those of titanite but they are not as hard.

