
5.2 Phyllosilicates 



  5. PHYLLOSILICATES (leaf, sheet) three O are 

      shared Si2O5, Si/O=2.5, 

 

  - Low specific density, 

  - One prominent cleavage, 

  - Contains OH group, 

  - Important part of soil clays. 



(a) single silica tetrahedron; (b) silica tetrahedron arranged in a hexagonal network; 

(c) three hexagons joined into double chain and extends in all directions in this plane 

forming a tetrahedron sheet. Silicon and apical oxygens are projected onto the plane 

of the base of tetrahedron. 



(d) A single octahedral unit; (e) Several octahedral units joined into the octahedral sheet 

structure, (H)  and (I) combination of tetrahedron and octahedron combinations. 



The atomic radii of a number of ions common in clays. 
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BASIC STRUCTURE OF CLAY MINERALS 



Sheets of Tetrahedron and 

Octahedron 



Sketch of kaolinite, 1:1 dioctahedral phyllosilicate. (From Grim, 1968, Fig. 4.4). 



Sketch of muscovite, a 2:1 dioctahedral phyllosilicate. (From Grim 1968, Fig. 4.16). 
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Average structure of tetramethylammonium-exchanged vermiculite.  



Geiseking, 1975 

Mixed-layer illite/smectite 



Triangular diagrams describing 2:1 layer silicates as three-way solid 

solutions with layer charge and location of layer charge as variables. 



Triangular diagrams describing 2:1 layer silicates as three-way solid  

solutions with layer charge and location of layer charge as variables. 

Total interlayer 

charge 



Dioctahedral 2:1 layer silicates: some ideal end-member 

compositions for the O20(OH)4 formula unit, and the compositional 

ranges for some micas, illites, illite-smectites and smectites. 



Kaolinite structure showing probable breaking plane and mechanism for edge charge by 

picking up H or OH from solution to give positive charge at low pH and negative charge at 

higher pH. 



XRD treatments of the common silicate clay minerals. 



Classification and generalized structural formulae of phyllosilicates 



Nature of octahedral sheet and negative charge of phyllosilicates. 



Atoms per structural unit for clintonite 



IDEAL}

[ Si2.74 Al5.26] [Al1.36 Fe0.04
3+ Fe0.18

2+ Mg4.43]  S1.93

Ca is divalent 1.93 x 2 = 3.86

Total cations ideal 8 Si x 4 = 32

                                   4 Al or 6 Mg = 12

  TOTAL cations 44

Tetrahedral charge deficit  - 5.26

Octahedral charge excess   + 1.40

Overall charge deficit          - 3.86

(2.74 x 4) + (5.26 x 3) + (1.36 x 3) (0.04 x 3) + (0.18 x 2) + (4.43 x 2) =

10.96 + 15.78 + 4.08 + 0.12 + 0.36 + 8.86 = 40.16

Actual total + 40.14; Charge Deficit - 3.86



 

Ci = 1000 z /M  

Ci= potential interlamellar cation exchange capacity 

              (meq/g) 

 

      z = cation density,  equivalent /mol for half 

           or one unit cell. 

 

     M = Mean molecular mass (without exchangeable 

                cations) calculated  for typical composition, or      

                the mineral with known chemical composition . 

 

 



pH dependence of surface charge on allophane and montmorillonite, measured 

from the adsorption of cations and anions in 0.1 M CsCl, respectively. (Data taken 

from Greenland, 1974; Clark & McBride, 1984a).  



Approximate layer charge of 2:1 phyllosilicates 
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Summary of the elemental composition of the 
source clay mineral 

(Mermut and Faz-Cano, 2001; Clays and Clay Minerals); SE standard error 
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Structural formula of the source clay minerals 

         (Mermut and Faz-Cano, 2001; Clays and Clay Minerals) 



Influence of exchangeable cations on permeability of different clays. 



Edge-view sketches to  

show relative size and 

shape of clay particles; 

dimension not shown 

is equal to length. 





Diffraction patterns of ethylene glycol treated samples of montmorillonite, and randomly 

interstratified illite/montmorillonite. Percentages of montmorillonite layers: A, 100; B, 70;  

C, 50; and D, 40 (Reynolds and Hower, 1970). 
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Criteria for Classification 
 
1. Type of tetrahedra octahedra sheet combination, 
 
2. Types and amounts of cations in octehedral sheets 

    dioktahedral, trioktahedral, 

 

3. Layer Charge,  

 

4. Type of interlayer cations, 

 

5. Overall chemical composition, 

 

6. Polytypes (layer stacking) and nature of stacking. 
 





 

 

 

 
 

 

 

 
 
 

Origin and Distribution 

 
•  They are found in the outer layer of of earth, 

•  Results  of the mineral alteration with  
   hydrosphere, 

 

•  Occurs in < 500oC environment, 

 

•   Soils, sedimentary rocks are the most   

    abundant, shales is the most common 
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