Nesosilicates

The minerals that are on your list are olivine, garnet (red and green), the aluminosilicates: Sillimanite, Kyanite, and Andalusite, titanite (sphene) and staurolite.  Nesosilicates are composed of single SiO4 tetrahedra that bound to each other only by ionic bonds from interstitial cations.  The structures depend mostly on the size and charge of the interstitial cations.  The atomic packing is dense; hence minerals of this group have a high specific gravity and are hard.  Their crystal habits are generally equidimentional and pronounced cleavage is absent.  Also the amount of Al substitution in the tetrahedral site is low.

Olivine: (Fe,Mg)2SiO4 is a solid solution between forsterite and fayalite.  See below for its T-X diagram:
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Mn +2 may also substitute for Fe +2.

Olivine is a common igneous mineral which results from primary crystallization of a Fe- and Mg-rich and Si-poor magma.  It is often (not always), the first mineral to crystallize out of a mafic magma, consequently, olivine commonly occurs as phenocrysts in basalt.  (During the lecture, I introduced the above phase diagram and applied the phase rule to it.)

Characteristics: olivine is orthorhombic and crystals are usually a combination of prisms, pinacoids and 1 dipyramid.  These result in equant crystals.  They usually occur as imbedded grains or granular masses.  Olivine has a conchoidal fracture, a vitreous luster, and a hardness from 6.5 to 7.   Its color is pale green to dark green, however, it weathers a rusty-brown.  Its specific gravity varies from 3.27 to 4.37.  It can be distinguished from quartz by its specific gravity and its association and from epidote by its crystal shape.

Occurrence: It is found in dark-colored igneous rocks such as gabbro, basalt, peridotite, and other mafic and ultramafic rocks.  It usually co-exists with Ca-rich plagioclase and pyroxene.  Mg-rich olivine and quartz are not stable together in the same rock.

Gem: peridot

Garnet: is isometric and usually occurs in dodecahedrons or trapezohedrons.  It takes its name from the Latin word granatus, which means grain.  It has six subspecies.  They are:

Pyrope Mg3Al2Si3O12
Almandine Fe3Al2Si3O12
Spessartine Mn3Al2Si3O12
Pyralspite, Red garnets



Uvarovite Ca3Cr2Si3O12
Grossular Ca3Al2Si3O12
Andradite Ca3Fe2Si3O12
Ugrandite, Green garnets

There is little substitution between the red and green garnets.  

Occurrence:  The Al-rich garnets are found predominantly in metamorphosed Al-rich sedimentary rocks, rarely in pegmatite dikes.  The Ca-rich garnets are found in metamorphosed Ca-rich rocks such as calcareous sandstone or siliceous limestone.  

Gem: Pyrope 

[image: image2.wmf]Aluminosilicate Group: Minerals include andalusite, sillimanite and kyanite.  These are all polymorphs of Al2SiO5.  They occur in metamorphosed Al-rich rocks.  (Al-rich sedimentary rocks are known as pelites.  Shale is pelitic.)  They are very important to the metamorphic petrologist, because they help pin down the pressure and temperature to which the rock was metamorphosed.

The triple point is located at 622 ºC and ~5.5 KB.   Kyanite and Sillimanite are generally found in regionally metamorphosed rocks, andalusite in rocks that have undergone contact metamorphism.

[image: image3.wmf]Andalusite: is orthorhombic and occurs in coarse, nearly square prisms.  Its hardness is 7.5 and it is flesh-colored, or reddish brown to olive-green.  The variety chiastolite has dark carbonaceous inclusions in the form of a Maltese cross.  Its diagnostic feature is its square prism and hardness. 
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Occurrence: It occurs in contact metamorphic aureoles around igneous intrusions in argillaceous (pelitic) rocks.

Sillimanite: occurs in long slender crystals without distinct terminations.  It usually occurs in acicular to fibrous sheaths.  It has one distinct cleavage and has a hardness of 6-7.  It has a vitreous luster and variable color from brown to white.  It occurs in regionally metamorphosed pelitic rocks.

Kyanite: occurs in long tabular and bladed crystals.  It has one perfect cleavage.  Its hardness is 5 parallel to the length of the crystal and 7 perpendicular to this.  Its color is blue with a vitreous to pearly luster.  It occurs in regionally metamorphosed pelitic rocks, and is known as the high-pressure polymorph.  It has a tendency to alter to muscovite, and hence, it might give a false hardness.

Staurolite: Fe+2Al9O6(SiO4)4(O,OH)2 usually occurs as prismatic crystals.  Cruciform twins are common.  It is red-brown to brownish-black with a resinous to vitreous luster. It is formed during regional metamorphism of Al-rich rocks (argillaceous).  It is commonly associated with almandine and kyanite.

Titanite, Sphene: CaTiO(SiO4) occurs as wedge-shaped crystals.  It is gray-brown to green to black in color with a resinous to adamantine luster.  It commonly occurs as an accessory mineral in granite, granodiorite, diorite, syenite and nepheline-syenite.  It also occurs in metamorphosed Ca-rich rocks.  The crystals are larger in size in the metamorphic rocks.
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