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Origin of Clay Minerals
The contact of rocks and water produces clays, either at or near the surface of the
earth” (from Velde, 1995).

Rock + Water  Clay
For example,
The CO2 gas can dissolve in water and form carbonic acid, which will become
hydrogen ions H+ and bicarbonate ions, and make water slightly acidic.

CO2+ H2O  H2CO3  H+ + HCO3
-

The acidic water will react with the rock surfaces and tend to dissolve the K ion and
silica from the feldspar. Finally, the feldspar is transformed into kaolinite.
Feldspar + hydrogen ions+water  clay (kaolinite) + cations, dissolved silica

2KAlSi3O8 + 2H+ + H2O  Al2Si2O5(OH)4 + 2K+ +4SiO2

• Note that the hydrogen ion displaces the cations.
• The alternation of feldspar into kaolinite is very common in the decomposed

granite.

• The clay minerals are common in the filling materials of joints and faults (fault
gouge, seam) in the rock mass.

Clay Mineral:
1. Possess the tendency to develop plasticity when mixed with water.
2. More than 90% of soils in the world are silicate minerals.

Two basic minerals:
1. silicon Oxygen tetrahedron (SiO4)
2. Aluminum Magnesium octahedron Al2(OH)3,Mg2(OH)3

(Si2O10)
-4 Replace four Oxygen with hydroxyls or combine with positive union
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Tetrahedron
Plural: Tetrahedral
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Unit-Summary

Kaolinite

• Si4Al4O10(OH)8. Platy shape
• The bonding between layers are van der Waals forces and hydrogen bonds

(strong bonding).
• There is no interlayer swelling
• Width: 0.1~ 4m, Thickness: 0.05~2 m

17 m
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Halloysite

• Si4Al4O10(OH)8·4H2O
• A single layer of water between unit layers.
• The basal spacing is 10.1 Å for hydrated halloysite and 7.2 Å for dehydrated

halloysite.
• If the temperature is over 50 °C or the relative humidity is lower than 50%, the

hydrated halloysite will lose its interlayer water (Irfan, 1966). Note that this
process is irreversible and will affect the results of soil classifications (GSD and
Atterberg limits) and compaction tests.

• There is no interlayer swelling.
• Tubular shape while it is hydrated.

2 m
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Clay Minerals : are complex aluminum silicates composed of two basic units , silica
and alumina ,they possess the tendency to develop plasticity when mixed with water.

Nature of water in clay
 shape of a clay particle is plately.
 The net charge at the face of clay particle is (-ve).
 There are (+ve) charge at edges of a clay particle.
 There are (+ve) ions (cautions) from salts in water, also the water molecules are

dipolar or dipoles.

Exchangeable Ions : a soil particle in nature attracts ions to neutralize its net charge,
these ions are weakly held on the particle surface and can be replaced by other ions.
Al+3 >ca+2 >Mg +2 >NH4

+ >K +>H+ >Na+ >Li+

Double Layer: describes all the water hold to clay particle by attractive force.
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Adsorbed water: the innermost layer of double layer water which is held very strongly by clay.

Thickness of the double layer: the distance from the surface required to neutralize
the net charge on the particle or the distance over which there is electrical potential.
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 2cosxy

 2sin 2

17 m


