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Chemical Weathering

Chemical weathering is the breakdown of rocks through the reaction of one or more of their constituent minerals with water, other chemicals dissolved in water, or atmospheric gases. 

Agents of chemical weathering

1- CO2
2- O2
3- H2O

4- N2O

5- Sulfur gases

6- Organic acids
Types (Processes) of Chemical Weathering

1- Dissolution:

Dissolution is the process whereby a mineral dissolves in a solvent as a result of the freeing up of its ions (i.e. transformation of the compound into free ions). The most important solvent in nature is water, and the minerals which dissolve most readily or easily are the halides, nitrates, carbonates and sulfates. Dissolution is therefore an important process in the weathering of limestones (made predominantly of calcite) and evaporites (which consist of halides and sulfates). For example:

NaCl + H2O = H+ + OH- + Na+ + Cl- 
2- Hydrolysis:

Hydrolysis is the process in which a water molecule dissociates into the very reactive H+ and (OH)- ions while attempting to "dissolve" a mineral or compound. The hydrogen ions may then replace other positive ions in the structure of the mineral, causing it to break down into smaller components, some of which may be soluble. An example of this type of chemical weathering is the hydrolysis of K-feldspars to give clay minerals:

2 KAlSi3O8 + H2O + 2 H+ = Al2Si2O5(OH)4 + 2 K+ + 4 SiO2
                                   K-feldspar                                          kaolinite                                      aqueous silica

Note that both the K+ ions and the SiO2 are soluble and can thus be carried in the aqueous solution, leaving behind the clay mineral kaolinite (Al2Si2O5(OH)4). In nature, water usually contains other substances that contribute additional hydrogen ions or which cause the dissociation of H2O to release H+. The most common of these substances is atmospheric CO2, which dissolves in H2O to form H2CO3 which then dissociates into H+ and HCO3-according to the reaction:

CO2 + H2O = H+  + HCO3-.

Weak organic acids in soils can also supply H+ to meteoric water, making such water slightly acidic and facilitating hydrolysis. Hydrolysis is the main process by which silicates are chemically weathered.

3- Oxidation: 

In terms of weathering, oxidation is the process of combination of atmospheric oxygen (or oxygen dissolved in meteoric water) with a mineral to form one or more minerals that are more "oxidized" and hence more stable in the weathering environment. Examples of oxidation include the oxidation of the Fe-end-member of olivine (fayalite) to produce Fe-oxides according to the reaction:

Fe2SiO4 + 1/2 O2 + 2H2O = Fe2O3 + H4SiO4

                                                   Fayalite                                        Hematite       (in solution)

Similarly, a clinopyroxene upon oxidation gives Fe-oxides, and Ca is released in solution according to the reaction:

2CaFeSi2O6 + 1/2 O2 + 10 H2O + 4 CO2 = Fe2O3 + 4 H4SiO4 + 2 Ca+2 + 4 HCO3-

        Clinopyroxene                                                                  Hematite

The Fe2O3 produced by these reactions is relatively insoluble, and precipitates to form hematite, which is red in colour. This gives rise to the characteristic reddish or rust-like colours on the weathered surfaces of Fe-rich rocks (e.g. basalts). Note that oxidation of Fe in a silicate will take place only after this Fe is released from the silicate structure by hydrolysis. 

4- Hydration:

Hydration is the process of combination of H2O with a mineral that is either anhydrous or less hydrous than the final product. The more hydrated a mineral is, the easier it dissolves in water, which in turn facilitates weathering of rocks. Examples of hydration include the transformation of anhydrite (CaSO4) to gypsum (CaSO4.2H2O) according to the reaction:

CaSO4 + 2 H2O = CaSO4.2H2O

Note the differences between congruent and incongruent weathering processes. Whereas the first example of dissolution is congruent, the hydrolysis and oxidation examples represent an incongruent process.

Dissolution/ Hydrolysis and Precipitation of feldspars
Example: Using thermodynamic principles, find out which of the 3 feldspars (Na, Ca, or K) weathers more easily. Using the same rationale, which of these feldspars is likely to precipitate diagenetically? What conditions are required for such precipitation?
Stability of rock-forming minerals in the weathering environment:

· Goldich’s sequence (Fig. 1)

· Relationship to solubility products/ dissolution rates (Fig. 1; Table 1)
· Relationship to crystal structure and conditions of formation

· Weathering rates 
· Calculation of gains and losses during weathering (Fig. 2; Table 2)
· The use of isocon diagrams to study weathering 

· Example of weathering of rocks 
Products of weathering:

1- Talus: Blocks and rock fragments which accumulate at the base of a cliff or a steep slope and which result from the weathering (mainly mechanical) of rocks on top of that cliff. Talus therefore either forms in place or represents fragments transported over very short distances by gravity.

2- Debris or detritus: Are general names given to rock fragments produced by weathering (regardless of their size or distance of transport).

3- Soil: A blanket of loose material that includes mineral grains and organic material, and which can, at least to some extent, sustain plant life. Soils are highly porous (with as much as 50% pore space about half of which could be filled with water). Mineral grains in many "good quality soils" are predominated by clay minerals, but this really depends on the climate, nature of weathered bed-rock, topography, ... etc. Organic matter (~ 5% of most soils) in a soil is supplied by the decomposition of dead animals and plants.

4- Regolith: A general name given to a blanket of loose rock fragments forming a discontinuous cover to the solid bedrock. Regolith is therefore a term used for material that has not been transported.

5- Saprolite: Partially decomposed bedrock.

Soil

Components of a typical soil
The Soil profile:

Since soil - forming processes operate from the surface downward, there is a gradual variation in composition, texture, structure, and colour of soil with depth. These vertical differences, which normally become more pronounced with time, allow for the identification of several "layers" or "horizons". From top downwards, these horizons are shown and described in Fig. 3 and Table 3:

Downward vs. upward movement of water in soils

Caliche, concretions, and hard pans.

Soil Classification

· Basis for classification:

· Morphology

· Degree of leaching

· Amount and kind of material added to zone B

· Amount and type of organic matter

· Soil orders (Fig. 4; Table 4)
Factors affecting the amount and composition (or type) of a soil 

Soils and Food Production

· Future Projections (Fig. 5)

· Mineral Stress: Nutritional deficiency or soil toxicity
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