Carbonates
Rhombohedral

Calcite CaCO3
Dolomite CaMg(CO3)2
Siderite FeCO3
Orthorhombic
Aragonite CaCO3
Monoclinic
Azurite   hydrous Cu2CO3(OH)2
Malachite hydrous Cu3 (CO3)2(OH)2
The carbonates contain the carbonate radical: The carbon atom has a valence of +4 and this charge is equally distributed among the three O’s.  The strength of each bond will be 1 1/3 eV and thus each O is left with -2/3 eV to share with other cations.  The CO3-2 radical is strong however not as strong as CO2.  Most carbonates react with acid to form H2O and CO2.
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CO3 + 2H+  → H2O + CO2
Calcite-Aragonite

The radius ratio of Ca:O is 0.707 which is close to the limit between 6-fold and 8-fold coordination (0.732).  In calcite which is hexagonal, Ca is in six-fold coordination whereas in aragonite, which is orthorhombic,  it is in 8-fold coordination.

Calcite: Commonly occurs in crystals, which vary in habit.  There are over 300 forms described however common forms include: a. prism, b. scalenohedron, and c. rhombohedron.  Calcite twins easily and this is shown by striations on the rhombohedral face.  It has perfect rhombohedral cleavage (3 not at right angles); a hardness of 3 and it fizzes in cold dilute (10%) HCl.  

Iceland Spar is the name given to chemically pure and optically clear calcite.  In class you each used a piece of this and saw that calcite has the property of double refraction.  When you placed the calcite over a dot, you saw two dots.

Occurrence: Calcite is ubiquitous.  It is found in sedimentary rocks such as limestone, chalk, calcareous sandstone and in marble (recrystallized limestone--usually metamorphic).    Limestone forms at the sea bottom by accumulations of great thickness of calcareous material from shells and skeletons.  It also can form by direct precipitation of seawater.  Travertine forms from calcareous spring waters as a direct precipitate, e.g., Mammoth Hot Springs.  Calcite is found in veins in nearly all rock, it commonly filled vesicles in lavas.  It is rare as a primary igneous mineral.

Use: Used in cements and lime (CaO) for mortar.  To make quicklime, limestone is heated to 900º C, which reduces it to CaO.  This is then mixed with sand and water to form cement.  Lime is also used for fertilizer and also in the processing of iron ore.  Limestone is used as a building stone (check out our bathrooms--many of the stalls are travertine).  Marble is used as a building stone.

Aragonite: Aragonite is considered to be the high-pressure polymorph of calcite.  Its crystal habit includes acicular prisms toped by pyramids.  It forms in radiating groups and commonly shows cyclic twins.  It is slightly harder and heavier than calcite.  It too fizzes in cold HCl. 

Occurrence:  Aragonite is much less common than calcite.   It can be biochemically precipitated, e.g. pearls and mother of pearl.  It is found as a precipitate in hot springs or in caves.  It is also found in metamorphic rocks that are formed under high pressure.  In this latter case, it is usually found associated with blue colored amphibole.    

Siderite: is hexagonal and its rhombohedral crystals commonly have curved faces.  It can also form in a globular habit.  It is light to brown in color; has a vitreous to resinous luster; perfect rhombohedral cleavage and a specific gravity of 3.96.  Powdered siderite will fizz slightly in weak cold HCl.  (I sometimes confuse it with sphalerite, but one can use the cleavage to separate the two.)

Occurrence: It is associated with iron formations and coal.  It is commonly found in the PC iron ores of the Lake Superior Region.  It is a very minor ore of iron.

Dolomite: is hexagonal, although it has lower symmetry than calcite.  This is because there is a considerable size difference in the Ca and Mg ions, these are ordered into specific sites in dolomite.   Crystals are rare, although when present, generally show curved faces.  It has perfect rhombohedral cleavage, hardness about 3.5-4 and variable color.  If Fe+2 substitutes into the structure, the dolomite generally weathers a rusty-brown.  Powdered dolomite fizzes in dilute cold HCl. 

Occurrence: Dolomite occurs in sedimentary rocks associated with calcite.  It is thought to have formed by secondary replacement of Ca by Mg either during diagenesis or prior to lithification.

It is also found in veins; ankerite (Fe rich variety) is found associated with iron formation.

Malachite and Azurite: are generally found together in nature as alteration minerals associated with Cu deposits, especially, Cu-porphyry deposits of the American southwest.  Malachite is bright green, generally colloform with a dull to silky luster.  It is soluble in HCl.  It is used as an ornamental and gem stone.  Azurite is intense azure blue.  It is less common than malachite, however, is usually always associated with malachite.  It is recognized by its color and association.













