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Oxide minerals include those natural compounds in which O-2 is combined with one or more metals.  The bond type is strongly ionic.


Simple: X2O, XO, X2O3

Multiple: XY2O4   X and Y are non-equivalent sites in the structure.

Corundum: Al2O3: hexagonal.  Crystals are commonly tabular on the basal zone, or prismatic.  It has basal parting.  Its hardness is 9; however, it alters to mica so it may be able to be scratched in some cases.  Its specific gravity is about 4, so it is dense for a translucent mineral.  It has two gem stones: ruby and sapphire.  Rubies contain some Cr (in ppm) and sapphires contain Fe or Ti.

Diagnostic Features: hardness, specific gravity and parting.

Occurrence: Metamorphic Al-rich rocks.  Also in metamorphosed limestone.  

Use: Abrasive.  (Emory paper).  Most grinding powders are made artificially from bauxite.

Hematite: hexagonal, crystals are basal plates and may be micaceous and foliated (known as specular hematite or specularite).  Its light to dark red streak is diagnostic.  

Occurrence: Ubiquitous, from the microscopic scale to enormous masses throughout the earth.  

Use: Ore of iron.  The quantity of hematite that can be mined economically must be measured in tens of millions of tons.  It is largely sedimentary in origin.

Minnesota’s Iron Range: Mesabi Range and Cuyuna Range; Vermilion Range; and the Gunflint Formation.  The Mesabi Range is the only range that has active mining at this time.

Mesabi: Sedimentary layers of iron minerals and chert (SiO2) called taconite.  The iron minerals are hematite and magnetite.  During the Cretaceous time, much of the iron ore was oxidized, which meant that the magnetite was changed to hematite.  Also, during this period, much of the SiO2 was leached out, leaving behind large masses of nearly pure hematite.  These deposits of hematite were known as natural ore or direct-shipping ore.  The last of these deposits are mined out, and now we mine the taconite.

Ilmenite: FeTiO3, hexagonal, crystals have prominent basal planes.  Luster is metallic to sub-metallic with a brown streak.  May be magnetic, but not as magnetic as magnetite.  

Occurrence: common accessory mineral in mafic igneous rocks.  Found as large segregations with magnetite in gabbro, diorite, and anorthosite.  

Use: TiO2 is used in paint as a filler.  Actually, it is used as filler in many things.  Check your make-up, face cream etc.  The metal Ti is used in alloys.  It has high strength/weight ratio and resists corrosion.  Used in aircraft--strategic metal.  (Replacement hips etc. are made of Ti.)

Rutile: TiO2, tetragonal and usually occurs in prismatic crystals.  Has two polymorphs: anatase and brookite.  It has a pale brown streak.  Its diagnostic features include its sub-metallic to adamantine luster, its distinctive red to red-brown color, its streak, and its crystal form.  Use is the same as ilmenite.

 Pyrolusite: MnO2, tetragonal crystals but usually occur in radiating fibrous masses.  Can be reniform and/or dendritic.  Hardness variable: from 1-2 up to 6-6.5 for crystals.  It will mark paper.  

Occurrence: nodular deposit found in bogs, on lake bottoms, and on sea floor, from direction precipitation from water.

Use: Used in making steel: need 13.2 pounds of Mn for each ton of steel.  This makes the steel more malleable and adds strength.  Also, Mn is used to remove greenish color in glass imparted by Fe compounds.

Magnetite: Fe3O4,  isometric and another ore mineral of iron.  Commonly occurs in octahedra or as granular massive.  It is strongly magnetic.

Occurrence: Accessory mineral common to all igneous rocks.  Also common in sedimentary banding iron formation.  (E.g.  Mesabi Range)

Chromite: FeCr2O4, isometric and generally occurs in granular masses associated with olivine and/or orthopyroxene.  It has a metallic to sub-metallic luster and is non-magnetic.  It also has a dark brown streak.  

Occurrence: In mafic and ultramafic igneous rocks.  It is usually associated with olivine, serpentine, and/or enstatite.  

Use: Primary ore of Cr, which is used in the steel industry.


Hydroxides

Goethite: FeOOH, orthorhombic but rarely found in crystals.  Usually it is massive, reniform, radiating, and fibrous.  Its luster can vary from adamantine to dull.  It can be silky.  Its color is yellowish-brown and its streak is the same.  Limonite is a field term for the mineral.  

Occurrence: forms under oxidizing conditions as a direct precipitate from water (in bogs and springs).     It also occurs in gossans, which form when Fe rich sulfides tend to oxidize to goethite and leave a red-brown stain over metalliferous sulfide veins.  This is used as a guide to sulfide ore.

Use: A minor ore mineral of Fe.

Bauxite: a mixture of three Al-hydroxides: diaspore, gibbsite, and boehmite.   It is not a mineral species but a mixture of these three minerals.  It is the ore of Al.   It is pisolitic in texture: rounded to oval concretionary grains.  It is dull to earthy in luster and its color is gray to yellow to red-brown.  The color is usually due to impurities.  For example, the red-brown color is due to Fe content.  

Occurrence: Bauxite is of supergene origin, it is produced by subtropical to tropical weathering conditions which leaches SiO2 from Al-bearing rocks such as granite and syenite.  The general term for this kind of leached material is laterite, but when Al hydroxides are the result, it is called bauxite.  It takes its name from its type locality, which is Les Baux in France.  Major producers in the world are Surinam, Guyana, and Jamaica; however, the ore itself is processed in countries that have cheap hydroelectric power.  (3% of all the US electrical consumption is used in the processing of Al.)

Note of interest: Al wasn’t isolated as a pure metal until 1825.  Its value was greater than Au because it was so rare.  Napoleon III had his forks and knives made from it.













