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STRUCTURAL  
CLASSIFICATION OF  

SILICATES 



CONCEPT OF COORDINATION NUMBER 

• In order to discuss the silicate  
structures, it is first necessary to  
remember that the way atoms are  
packed together or coordinated by  
larger anions, depends on the  
radius ratio of cation to anion. 

 
• Oxygen, being the most abundant  

element on the Earth's crust, is the  
major anion that coordinates the  
other cations. 

 
• Silicon is the second most  

abundant element in the Earth's  
crust and comes in tetrahedral  
coordination with oxygen ion  
readily. Therefore the silicate  
minerals are the most common  
minerals on the Earth. 

Element Percentage 

Oxygen 46 

Silicon 27 

Aluminium 8 

Iron 5 

Calcium 3.6 

Sodium 2.8 

Potassium 2.5 

Magnesium 2 



COORDINATION NUMBER 

• The number of ions or atoms that immediately surround an  

atom or ion of interest is known as Coordination Number. 

• It depends on relative size of atoms or ions. 

• Rcation/Ranion : when this number is small, only a few anions  

can fit around a cation; while if the number is large, more  

anions can fit around a cation. 



COORDINATION NUMBERS AND  
ASSOCIATED SHAPES 

 

Radius Ratio 
Arrangement of anions  

around cations 

 

Coordination Number 

0.15-0.22 Corners of an equilateral  
triangle 

3 

0.22-0.41 Corners of a tetrahedron 4 



 

Radius Ratio 
Arrangement of anions  

around cations 
Coordination  

Number 

0.41-0.73 Corners of an octahedron 6 

0.73-1 Corners of a cube 8 



 
Radius Ratio 

 
Arrangement of anions  

around cations 

 
Coordination  

Number 

1 Midpoints of cube edges 12 

Ionic radius of Si 4+ = 0.041 nm 
O 2- = 0.14 nm 

Rcation  

Ranion 

= 0.29 
Coordination number = 4  

Shape= tetrahedra 



SILICA TETRAHEDRA 

Most of the primary minerals (primary silicates) have a crystalline structure, i.e., a  

structure in which ions are arranged in an orderly and repeated spatial pattern. The  

fundamental unit in silicates is the silicon-oxygen tetrahedron, which is composed of a  

central silicon ion surrounded by four closely-packed and equally-spaced oxygen ions. 

Si+4  

O-2 
SiO4

-4 

A silicon–oxygen tetrahedron is the SiO4 anionic  
group, or a silicon atom with four surrounding  
oxygen atoms arranged to define the corners of a  
tetrahedron. 



CLASSIFICATION OF SILICATES 

In order to neutralize the +4 charge on the Si  

cation, one negative charge from each of the  

Oxygen ions will reach the Si cation. Thus, each  

Oxygen will be left with a net charge of -1, 
-4 resulting in a SiO4 tetrahedral group that can be 

bonded to other cations. It is this SiO4
-4  

tetrahedron that forms the basis of the silicate  

minerals. 

-1 

-1 

-1 

-1 

When these SiO4
-4 tetrahedra are  

linked together, only corner oxygens  

will be shared with other SiO4
-4  

groups. Several possibilities exist and  

give rise to the different silicate  

groups. 



NESOSILICATES (ISLAND SILICATES) 

• Each tetrahedron is isolated, as the  
corner oxygen ions are not shared 

4 with any SiO 
-4 

tetrahedra. 

• 

• 

-4 

Basic structural unit is SiO4 . 

Si:O ratio is 1:4. 

• 

• 

In this group the oxygens are  
shared with octahedral groups that  
contain other cations like Mg

2+
,  

Fe
2+

, or Ca
2+ 

Common examples: olivine, garnet,  
zircon Octahedral sites 

Neso: Greek for island 

SiO4
-4 



SOROSILICATES 
(DOUBLE ISLAND SILICATES) 

Si2O7
-6 

Soro: Greek for group 

• In some minerals, the SiO4
-4 

 

tetrahedra occur in pairs, in which  

one oxygen is shared between the  

two silicons and is inert. 
 

• The basic structural unit is Si2O7
-6.  

These units are spaced throughout  

the crystal and are bound by other  

cations. 

• Si:O ratio is 2:7. 

• Common examples: hemimorphite 



Because the radicals are small and surrounded by cations,  
nesosilicates and sorosilicates tend to have fairly uniform properties  
in all directions. Many have no or weak cleavage, and those with good  
cleavage tend to have only one direction. Crystals are fairly  
equidimensional or not overly elongated. Hexagonal symmetry is  
conspicuously absent, and two of the most common tetragonal  
minerals, zircon and vesuvianite, are nesosilicates. Another  
important tetragonal mineral, melilite, is a sorosilicate. 



CYCLOSILICATES (RING SILICATES) 

• When each SiO4
-4 tetrahedra  

shares two of its oxygens with  
neighbouring tetrahedra they may  
be linked into rings. 

• The basic structural unit of: 
 

-three membered ring: Si3O9
-6.  

Example is mineral benitoite. 
 

-six membered ring: Si6O18
-12.  

Example is mineral beryl. 

• Si:O ratio is 1:3. 



INOSILICATES 
(SINGLE CHAIN SILICATES) 

Inos: fibre 
• When each SiO 

-4 
tetrahedra is 

4 

linked by sharing two of its corners  
oxygens to the other to form infinite  
chain, it is a single chain inosilicate. 

• The basic structural unit is Si2O 
-4

. 
6 

The chains consist a large number of  
these tetrahedra linked together. 

• The apex of each tetrahedra point in  
the same direction. 

• Example is pyroxene. 

• Si:O ratio is 1:3. 



INOSILICATES 
(DOUBLE CHAIN SILICATES) 

Inos: fibre 
• When two single SiO 

-4 
tetrahedra 

4 

chains are placed side by side, with  
the apexes of all tetrahedra pointing  
one way, and are linked by sharing  
oxygen atoms at regular intervals, a  
double chain results. 

• Each tetrahedra shares three of its  
corner oxygens. 

• The basic structural unit is Si4O11
-6

. 

• Example is amphiboles. 

• Si:O ratio is 4:11. 



All the amphiboles contain OH- as an essential component, to the  

extent of about one OH- radical to eleven oxygens. It happens only  

because of the double chains, as it creates space for accommodating  

the OH- group. While no such arrangement is available for pyroxenes. 



PHYLLOSILICATES  
(SHEET SILICATES) 

SiO 
-4 

tetrahedra are linked by three 4 

of their corners, and extend  
indefinitely in a two dimension  
network or sheet. 

• Each tetrahedra shares three of its  
corner oxygens. 

• 

• 

-2 

The basic structural unit is Si2O5 . 

Example is mica, clay minerals, talc,  
chlorite. 

• Si:O ratio is 2:5. 

Phylon: leaf 

 
• A sheet silicate is formed when the 



Most phyllosilicates contain hydroxyl ion, OH-, with the OH located 

at the center of the 6 membered rings. Thus, the group becomes  

Si2O5(OH)-3. When other cations are bonded to the SiO4 sheets, they  

share the apical oxygens and the (OH) ions which bond to the other  

cations in octahedral coordination. 

Octahedral layer 

Tetrahedral layer 

 

 
Cations layer 



TECTOSILICATES  
(FRAMEWORK SILICATES) 

• A three dimensional framework 

4 is formed when each SiO -4 

tetrahedron is linked by all four  
corners, so that every oxygen is  
shared between two tetrahedra. 

• The basic structural unit is SiO2  

and the charges are balanced. 

• Example is quartz, feldspar. 

• Si:O ratio is 1:2. 



SUMMARY 

Source: 
http://geophysics.ou.edu/geol1114/notes/minerals/  
silicate_structures3.jpg 

http://geophysics.ou.edu/geol1114/notes/minerals/

