II- Nesosilicates

· Isolated tetrahedra bound by ionic bonds involving cations as Fe2+, Mg2+ and Ca2+.

· Most nesosilicates occur as equidimensional crystals

· Cleavage is rare or absent

· Amount of Al substituting for Si in nesosilicates is minimal.

A- Olivine Group

Composition and Structure: X2SiO4
Where X could be Fe2+, Mg, Mn2+ or Ca, all in octahedral coordination.

The two sites occupied by X cations are known as the M1 & M2 sites. Although Fe and Mg substitute freely for one another in these 2 sites, the M1 site is more distorted as a result of tetrahedra sharing edges (Fig. 1). In the mineral Monticellite, Ca, being larger than Fe and Mg prefers the larger less distorted M2 site.

End-members: (Fig. 2)

· Forsterite (Fo; Mg) – Fayalite (Fa; Fe) – Tephroite (Mn)

· Monticellite: CaMgSiO4
· Stability of Fo and Fa (Fig. 3)

Optical properties: (Figs. 4, 5 & 6)
Colorless in thin section, Cleavage: poor in {110}, high relief, n > b, strong birefringence, orthorhombic, 2V large, (82 – 90°), most members biaxial negative, except Fo and Fo – rich compositions (100 – 85% Fo) which are positive. Alter very easily to the serpentine group minerals ± Fe-oxides (especially magnetite).

Occurrence: 

· Fo – Fa: In ultramafic and mafic igneous rocks, high T metamorphic rocks (especially contact metamorphism).

· Monticellite (Fig. 7): In contact metamorphic terranes, especially metamorphosed limestones.

Uses: Refractory or gemstones (peridot).

B- Garnet Group minerals

Structure: Distorted cubes, octahedral and tetrahedra (Fig. 8a).

Composition: X3Y2(ZO4)3
X: 8 - coordinated, Y: octahedrally coordinated, Z: tetrahedrally coordinated.

X: Fe2+, Mg, Ca, Mn as major constituents, Zn, Y3+, and Na in trace amounts.

Y: Al, Fe3+, Cr3+, with traces of Ti, V, Zr, and Sn

Z: mostly Si, with minor Al, Ti, Fe3+, or P.

· Garnets also like to scavenge the HREE (Gd to Lu) and Y.

· Keep in mind that the sizes of the X and Y cations are interrelated and play a major role in determining whether the silicate garnet will be stable or not. This is shown in Fig. 8b. 

· According to composition, the end-members are grouped into 2 groups: pyralspite, and ugrandite garnets.

· End-members: (Fig. 9 and Table 1).

Occurrence: mostly in medium and high grade metamorphic rocks (basic, pelitic and even calcareous), Granites and pegmatites, Skarns, and in Mantle peridotites.

Uses: Mostly as semiprecious to precious gemstones.

C- Aluminosilicates

Kyanite: AlviAlviSiO5
Andalusite: AlvAlviSiO5
Sillimanite: AlivAlviSiO5
Structures: Fig. 10

Optical Properties: (Figs. 11, 12, 13)

Andalusite: Orthorhombic, one direction of cleavage {110}, biaxial negative, high relief, n > b, 2V = 85°, weak birefringence, lengthfast.

Sillimanite: Orthorhombic, high relief, n > b, excellent cleavage {010}, biaxial positive, small 2V: 20°, strong birefringence, prismatic or fibrous, lengthslow.

Kyanite: Triclinic, biaxial negative, 2 directions of cleavage.

Stability: Fig. 14.

Occurrence: All three are primarily metamorphic minerals, although andalusite and sillimanite can occur in peraluminous granites!

D- Staurolite

Composition: (Fe,Mg)2Al9Si4O22(OH)2
Optical properties: Monoclinic to pseudo-orthorhombic, biaxial positive, large 2V: 80 – 90, high relief, n > b, yellow to brown, pleochroic, weak birefringence.

Optical orientation: (Fig. 15)

Occurrence: Regionally metamorphosed pelitic rocks, characteristic of the amphibolite facies.

E- Chloritoid

Composition: (Fe,Mg)Al2SiO5(OH)2
Optical properties: Monoclinic, biaxial positive, moderate 2V: 36 – 72°, high relief, n > b, green to blue green, pleochroic, extinction angle: (0 – 20°), anomalous interference colors.

Optical orientation: (Fig. 16)

Occurrence: Metamorphic mineral in medium grade pelitic rocks.

F- Titanite (Sphene)

Composition: CaTiSiO5
Optical properties: Monoclinic, biaxial positive, good cleavage along {110}, very high relief, n > b, grey to honey yellow in thin section, diamond shape sections give symmetrical extinction: (6 – 40°), very strong birefringence small to moderate 2V: 17 – 40°.

Optical orientation: (Fig. 17)

Occurrence: A very common accessory mineral in igneous and metamorphic rocks.

