FUNDAMENTALS OF SOIL SCIENCE

14. SOIL AND CLAY MINERALOGY
A. WHAT ARE MINERALS

Solid , homogeneous, crystalline element or compound that results from the inorganic process of nature.

Important primary minerals in soils

· Feldspar (Ca, Na, K).

· Plagioclase (Na and Ca silicates).

· Olivine (Mg or Fe silicates).

· Calcite (CaCO3).

· Dolomite (CaMg(CO3)2).

· Quartz (SiO2).

· Apatite (P).

· Mica (K).

b. why are minerals important?
· Supply nutrients upon weathering.

· Make up about 50% of volume of soil.

· Weather to secondary minerals that provide exchange capacity, or the ability to hold and exchange cations into and from the soil solution.

c. constituents of minerals

Minerals are combinations of one or more elements. The elements O (47%), Si (28%) and Al (8%) occur in the highest proportion in the earth’s crust and are the building blocks for minerals. Called aluminosilicates.

There are 2 basic building blocks:

· Si tetrahedron.

· Al octahedron.

These are put together in different arrangements to form the minerals.

The more Si – O bonds the more resistant the minerals to weathering.

The kind of minerals within a soil relate to its stage of development.

There are primary and secondary minerals:

· Secondary, produced by the weathering and alteration of primary minerals. In soils they are our clay minerals.

· Soil clays known as phylosilicates.

d. clay structure

Tet or Oct sheets in different arranagements produce the different clays:
· 1:1 Clays, kaolinite.

· 2:1 Clays, smectite.

Gibbsite layer between 2 Si sheets and when perfect called pyrophyllite. The mineral is electrically neutral.

Mica layer, similar to pyrophyllite except about 1 in 4 of the Si has been replaced by Al in the Si sheet. This is called isomorphus substitution leaving a net negative charge that is balanced by K. Cations of importance in isomorphus substitution are Si, Al, Fe, Ca and Mg.
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e. soil clays

· 1:1 kaolinite:
· Low CEC.

· Nonexpanding.

· Intense weathering.

· No isomorphus substitution.

· Relative large size.

· Little excess negative charge.

· 2:1 expanding, smectite:

· High CEC.

· Shrink-swell.

· Very small particle size.

· Isomorphus substitution.

· Vertisols.

· Ca and Mg substitute for Al.

· 2:1 partially expanding, vermiculite:

· K removed from mica structure to allow partial expansion.

· Has isomorphus substitution.

· Al for Si.

· 2:1 nonexpanding, illite:

· K lodged between Si sheets of adjacent layers.

· K neutralizes some of the negative charge, K holds layers together.

f. soil clays and cation exchange capacity

· The crystalline clay minerals.
· The amorphous (noncrystalline) clay minerals:

· Oxide clays:

· Colloidal sized particles of Fe and Al oxide.

· Gibbsite, hematite.

· Occur in very old and weathered soils (mumid tropics).

· Many times have anion exchange (net + charge).

· pH dependent.

· Ion exchange systems of crystalline soil clays.

· Layer silicate systems are overwhelmingly negatively charged.

· Little effected by pH and called permanent charge.

· pH dependent charge originates from broken bonds (Si-OH) and oxides and oxide-coatings produced from weathering.

· About 80% of CEC from smectite due to perm charge.

· Ion exchange systems of oxide soils:

· Exchange capacity entirely pH dependent.

· At acidic pH create anion exchange and at high pH create cation exchange.

g. charge properties of soils

Mineral Charge

Two significant events occur during the mineral weathering process, ions essential for plant growth are released and some ions interact to form secondary clay minerals.
· Constant Negative Charge.

The constant negative charge of soil minerals comes from the isomorphous substitution of a cation of lower valence for an cation of higher valence within the structure of the mineral during formation.

In micas (illite), isomorphous substitution takes place in the tetrahedral sheet where Al+3 substitutes for Si+4.

This results in an increase in the net negative charge of the clay mineral.

In montmorillonite clay, isomorphous substitution takes place in the octahedral sheet.
Here, Mg+2 substitutes for Al+3, resulting in an increase in the net negative charge.
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The constant negative charge as a result of isomorphous substitution is permanent and is unaffected by soil pH.
Constant or permanent charge is the major kind of charge of 2:1 layer minerals such as micas, vermiculite, and montmorillonite.
· Variable Charge.

The variable negative and positive charges of soil minerals results from deprotonation and protonation, respectively, occurring on the mineral surfaces and edges.
· Deprotonation is the loss of a hydrogen ion (proton) from a soil mineral resulting in a negative charge on the edge of the mineral.
Deprotonation increases with increased pH or OH- activity.
· Protonation is the gain of a hydrogen ion (proton) from a soil solution resulting in a positive charge on the edge of the mineral.
Protonation increases with increasing acidity or H+ activity.
The variable negative and positive charges of soil minerals due to deprotonation and protonation are pH dependent.
At a particular pH, variable negative and variable positive charges are equal.
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Charge Models

	Mineral
	Constant negative charge
	Variable negative charge
	Variable positive charge

	2:1 layer
	high
	low
	low

	1:1 layer
	zero
	low
	low

	oxide
	zero
	low
	low


SOM Charge

In addition to the charge contributed to the soil by 2:1 layer minerals, 1:1 layer minerals, and iron and aluminum oxide minerals, there is also a significant amount of charge from the Soil Organic Matter (SOM).
Unlike soil minerals which may have a constant charge due to isomorphous substitution or variable negative and positive charges, the SOM charge contribution to the soil is mainly variable negative charge.
· Variable Charge.

The variable negative charge of SOM results from the deprotonation of carboxyl (COOH) and phenolic (C5H6OH) hydroxyls.
Deprotonation increases with increased pH or alkalinity.
The variable negative charge associated with SOM is pH dependent.
· Charge Model.
Since the charge of SOM is based on the deprotonation of the carboxyl and phenolic hydroxyls, there is no constant negative charge or variable positive charge.
The charge contribution of SOM to the soil is a high variable negative charge.
Charge Capacity

Charge of soils is neutralized by the adsorption of cations and anions that are weakly adsorbed and are exchangeable.
The total amount of cations it takes to neutralize the negative charge is called the Cation Exchange Capacity (CEC).
The total amount of anions it takes to neutralize the positive charge is called the Anion Exchange Capacity (AEC).
Generally speaking, the CEC of soils is greater than the AEC.
· Humid Region.

The ion exchange capacity of humid region soils, which include minimally and moderately weathered soils, is dominated by 2:1 layer minerals and SOM.
Minimally and moderately weathered soils typically have a high CEC and low AEC.
· Tropical Region.

The ion exchange capacity of tropical region or intensely weathered soils, is dominated by 1:1 layer minerals, oxide minerals, and SOM.
Intensively weathered soils typically have a low CEC and low AEC and are typically quite acid.

· Organic Soils.

The ion exchange capacity of organic soils (Histosols) is dominated by the high variable charge of the SOM.
Organic soils typically have a very high CEC and low AEC.
CEC Values
	Degree of weathering
	Clay cmol/kg
	SOM cmol/kg

	Minimal/moderate
	40
	200

	Intense
	8
	200

	World average
	20
	213
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