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Oxides

Oxides can be grouped according to their chemical formulas, although members of each group may not necessarily be related through isomorphism or even genetically. Three main groups are recognized:

I- Oxides of the formula XO2 

1- Rutile: A very common accessory mineral in igneous and metamorphic rocks. Is also common as a detrital mineral.

2- Cassiterite: (SnO2): A mineral that develops in pegmatites and high T hydrothermal deposits. Commonly associated with wolframite, molybdenite, and arsenopyrite in veins of quartz.

3- Pyrolusite (MnO2): Forms in the sedimentary environment by the oxidation of other Mn – bearing minerals. Common on the sea floor, in bogs, and on lake bottoms. Also found in veins with quartz.

4- Uraninite (UO2): Occurs in granites and pegmatites, as well as high T hydrothermal veins.

II- Oxides of the formula X2O3
All members of this group crystallize in the trigonal system, and are either tabular or prismatic. Hematite and ilmenite exhibit extensive (but incomplete) solid solution (Fig. 1).

1- Hematite: Widespread mineral in igneous and metamorphic rocks as well as hydrothermal veins. Also a common product of weathering, and chemical precipitation.

2- Ilmenite: Common accessory of igneous rocks. Common in some anorthosite massifs.

3- Corundum: As an accessory mineral in Al2O3 – rich, SiO2 - deficient igneous and metamorphic rocks. Rubies owe their colors to Cr3+, and therefore form in areas of regional or contact metamorphism of (or in the vicinity of) ultramafic rocks.

III- Spinel Group minerals XY2O4
Most members of the spinel group crystallize in the cubic system. They are characterized by extensive solid solution between their different end-members. Their compositions are therefore often represented on 3-D prisms (Fig. 2).

1- Magnetite (Fe3O4)- Ulvospinel (Fe2TiO4): Common accessory mineral in igneous and metamorphic rocks. Common constituent of banded iron formations.

2- Chromite (FeCr2O4): In mafic and ultramafic igneous rocks, often as pods, lenses or layers in lherzolites and harzburgites.

3- Spinel (MgAl2O4)– Hercynite (FeAl2O4): Common high T minerals in contact metamorphic rocks that are SiO2 – deficient.

4- Gahnite (ZnAl2O4)– Franklinite(ZnFe2O4): Gahnite like hercynite, is an accessory mineral in high T metamorphic rocks. Franklinite is restricted to the zinc deposits of Franklin, New Jersey.

Sulfides and Sulfosalts

Sulfosalts can be thought of as “double salts” in which As and Sb play the role of metals in the structure (i.e. they have a tendency to lose electrons). On the other hand, the same elements in most sulfides behave as non-metals; i.e. they have a tendency to gain electrons.

Examples: Arsenopyrite (FeAsS) is a sulfide. Its structure resembles that of marcasite (FeS2) in which one S has been replaced by As. On the other hand, Enargite (Cu3AsS4) is a sulfosalt in which As has lost 5 electrons. It can be thought of as a double salt: 3Cu2S.As2S5.

The system Cu - Fe - S:

Figure 3 is a plot of the compositions of the most important minerals in this system. The lines joining some of these minerals (known as tie lines) designate which minerals can coexist in equilibrium at specified conditions of P and T. The topology of these lines changes with changes in P - T conditions (Fig. 3b).

Troilite: (FeS) occurs in meteorites

Pyrrhotite: Fe1-xS: Most common as a disseminated sulfide in certain layers of large mafic and ultramafic rocks. Forms at relatively high T.

Pyrite: FeS2: Widespread mineral in igneous rocks and hydrothermal veins.

Chalcopyrite: CuFeS2: In high and medium T hydrothermal veins.

Bornite: Cu5FeS4: In high and medium T hydrothermal veins.

Chalcocite: Cu2S: A product of supergene enrichment of sulfides

Covellite: CuS: A product of supergene enrichment of sulfides. 

