Classification of Silicate Minerals

Within silicate minerals, (SiO4)-4 is the major structural unit, and silicates are the most abundant group of rock-forming minerals.  The shape of a silicate anion is a tetrahedron, not a sphere like a simple anion.

The Si-O bond is approximately 50% covalent and 50% ionic, that is, although the bond arises in part from the attraction of oppositely charged ions, it is also involves sharing of the electrons and inter-penetration of the electronic structure.  The total bonding energy of Si+4 is distributed equally among 4 O-2 ions; hence, the strength of any Si-O bond is equal to  total bonding energy in the O-2 ion.  Therefore each O-2 has the potential of bonding to another SiO4 group and entering into another tetrahedral grouping.  Thus the uniting of the tetrahedral groups leads to sharing or bridging O-2 ions, and hence, polymerization.  You never get more than one O-2 being shared between two silica tetrahedra.

This results in six types of silicates, based on how the silica tetrahedra are bonded together.

1. Nesosilicates: single tetrahedra

2. Sorosilicates: two tetrahedra

3. Cyclosilicates: cyclic groups of 6 tetrahedra

4. Inosilicates: single and double chains of tetrahedra

5. Phyllosilicates: sheets of tetrahedra

and 

6. Tectosilicates: frameworks of silica tetrahedra, where all the oxygens are shared.

Nesosilicates.  Single tetrahedra, SiO4.   A good example is olivine (Fe,Mg)2SiO4
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Sorosilicates.  Si2O7, Epidote is an example.

Cyclosilicates.  SixO3x--3-fold rings
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E.g. Si6O18, as in beryl

Inosilicates:  single chain  SiO3
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Double chain:  Si4O11
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Phyllosilicates:
These sheets have a Si:O ratio of 4:10 or Si4O10
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Tectosilicates:
All oxygens are shared., SiO2.

Generalized Formula of a Silicate

XmYn(ZpOq)Wr
X = large weakly charged cations with CN  8

Y = medium sized ( 2+ to 4+ charge) sized ion with CN = 6

Z = small, highly charged ions with CN = 4

O = oxygen

W = additional anionic groups such as OH-, F- or Cl-
X is usually K+1, Ca+2 or Na+1
Y is Mg +2, Mn+2, Fe+2, Fe+3, Ti+4, Al+3
Z is Si+4 or Al+3
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