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Weathering 

The process of weathering alters rocks at the earth's surface and breaks 

them down over time into fine-grained particles of sediment and soil. 

Weathering is the result of the interactions of air, water, and temperature 

on exposed rock surfaces and prepares the rock for erosion. 

Erosion which involves the movement of rocks and minerals by agents such 

as water, ice, snow, wind, waves and gravity and then being transported 

and deposited in other locations, which can be later eroded again or 

transformed into sedimentary rocks.  

Weathering is generally a long, slow process that is continuously active at 

the earth's surface.  

Two important classifications of weathering processes exist – physical 

and chemical weathering; each sometimes involves a biological 

component. 

Mechanical or physical weathering involves the breakdown of rocks and 

soils through direct contact with atmospheric conditions, such as heat, water, 

ice and pressure. However, both types of weathering occur together, and 

each tends to accelerate the other. For example, physical abrasion (rubbing 

together) decreases the size of particles and therefore increases their surface 

area, making them more susceptible to rapid chemical reactions. The various 

agents act in concert to convert primary minerals (feldspars and micas) to 

secondary minerals (clays and carbonates) and release plant nutrient 

elements in soluble forms. 

Processes of Mechanical Weathering 

1-Thermal stress 

Thermal stress weathering is an important mechanism in deserts, where there 

is a large diurnal temperature range, hot in the day and cold at night. The 

repeated heating and cooling exerts stress on the outer layers of rocks, 

which can cause their outer layers to peel off in thin sheets. The process of 
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peeling off is also called exfoliation. Although temperature changes are the 

principal driver, moisture can enhance thermal expansion in rock. Forest 

fires is also known to cause significant weathering of rocks and boulders 

exposed along the ground surface. Intense localized heat can rapidly expand 

a boulder. 

2-Frost weathering 

Frost weathering, frost wedging, ice wedging is the collective name for 

several processes where ice is present. Severe frost shattering produces huge 

piles of rock fragments called scree which may be located at the foot of 

mountain areas or along slopes. Frost weathering is common in mountain 

areas where the temperature is around the freezing point of water. Certain 

frost-susceptible soils expand or heave upon freezing as a result of water 

migrating via capillary action to grow ice lenses near the freezing front. This 

same phenomenon occurs within pore spaces of rocks. The ice 

accumulations grow larger as they attract liquid water from the surrounding 

pores. The ice crystal growth weakens the rocks which, in time, break up.It 

is caused by the approximately 10% (9.87) expansion of ice when water 

freezes, which can place considerable stress on anything containing the 

water as it freezes (Fig. 5–1). 

 

Fig. 5-1 shows frost wedging action.  

3-Pressure release 

In pressure release, also known as unloading, overlying materials (not 

necessarily rocks) are removed (by erosion, or other processes), which 
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causes underlying rocks to expand and fracture parallel to the surface (Fig. 

5–2). 

 

Fig. 5-2 shows the mechanism of pressure release. 

When erosion removes the overlying rock material, the outer parts of the 

rocks then tend to expand. The expansion sets up stresses which cause 

fractures parallel to the rock surface to form. Over time, sheets of rock break 

away from the exposed rocks along the fractures, a process known as 

exfoliation. Exfoliation due to pressure release is also known as 

"sheeting"(Fig. 5–3). 

 

Fig. 5-3 shows photos of exfoliation due to unloading. 

4- Salt-crystal growth 

Salt crystallization, otherwise known as haloclasty, causes disintegration of 

rocks when saline solutions seep into cracks and joints in the rocks and 

evaporate, leaving salt crystals behind. These salt crystals expand as they are 

heated up, exerting pressure on the confining rock. 

Salt crystallization may also take place when solutions decompose rocks (for 

example, limestone and chalk) to form salt solutions of sodium sulfate 
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Na2SO4 or sodium carbonate Na2CO3 , of which the moisture evaporates to 

form their respective salt crystals. 

The salts which have proved most effective in disintegrating rocks are 

sodium sulfate, magnesium sulfate, and calcium chloride. Some of these 

salts can expand up to three times or even more. 

 

It is normally associated with arid climates where strong heating causes 

strong evaporation and therefore salt crystallization. It is also common along 

coasts. An example of salt weathering can be seen in the honeycombed 

stones in sea wall. Honeycomb is a type of tafoni, a class of cavernous rock 

weathering structures, which likely develop in large part by chemical and 

physical salt weathering processes(Fig. 5–4). 

1  2  

Fig. 5- 4,  shows 1- honeycomb, 2- tafoni 

 

5-Biological effects on mechanical weathering 

Living organisms may contribute to mechanical weathering (as well as 

chemical weathering). Lichens and mosses grow on essentially bare rock 

surfaces and create a more humid chemical microenvironment. The 

attachment of these organisms to the rock surface enhances physical as well 

as chemical breakdown of the surface microlayer of the rock(Fig. 5–5, 1). 

On a larger scale, seedlings sprouting in a crevice and plant roots exert 
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physical pressure as well as providing a pathway for water and chemical 

infiltration(Fig. 5–5, 2). 

1      2  

Fig. 5-5, 1, shows lichen on the surface of the rock, 2 show the effect of the 

plant growing on the rock. 

Chemical weathering changes the composition of rocks, often transforming 

them when water interacts with minerals to create various chemical 

reactions. Chemical weathering is a gradual and ongoing process as the 

mineralogy of the rock adjusts to the near surface environment. New or 

secondary minerals develop from the original minerals of the rock. In this 

the processes of oxidation, hydrolysis and dissolution are most important. 

Chemical weathering is enhanced by such geological agents as the presence 

of water and oxygen, as well as by such biological agents as the acids 

produced by microbial and plant-root metabolism. 

Dissolution 

If you put a crystal of halite (rock salt) in water, it dissolvesand the ions 

disperse to form a solution. Halitedissolves so rapidly and completely that 

this mineral israre in moist environments. A small proportion of water 

molecules spontaneouslydissociate (break apart) to form an equal numberof 

hydrogen ions (H+) and hydroxyl ions (OH-).Many common chemicals 

dissociate in water to increaseeither the hydrogen or the hydroxyl ion 

concentration. For example, HCl (hydrochloric acid) dissociates to release 

H+ and Cl- ions. The H+ ions increase the hydrogenion concentration and the 

solution becomes acid. Ina similar manner, NaOH dissociates to increase the 

hydroxylion concentration and the solution becomes abase. Hydrogen and 
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hydroxyl ions are chemically reactiveand therefore acids and bases are much 

more corrosivethan pure water. 

To understand how acids and bases dissolve minerals, think of an atom on 

the surface of a crystal. It is heldin place because it is attracted to the other 

atoms in thecrystal by electrical forces.At the same time, electricalattractions 

to the outside environment pull the atom awayfrom the crystal.If thebonds 

between the atom and the crystal are stronger thanthe attraction of the atom 

to its outside environment, thenthe crystal remains intact. If outside 

attractions arestronger, they pull the atom away from the crystal andthe 

mineral dissolves (Fig. 5–6). 

 

Figure 5–6 Halite dissolves in water because the attractions between the 

water moleculesand the sodium and chloride ions are greater than the 

strength of the chemical bonds in the crystal. 

carbonation 

One of the most well-known solution weathering processes is carbonation, 

the process in which atmospheric carbon dioxide leads to solution 

weathering. Carbonation occurs on rocks which contain calcium carbonate 

CaCO3, such as limestone and chalk. This takes place when rain combines 

with carbon dioxide or an organic acid to form a weak carbonic acid which 
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reacts with calcium carbonate (the limestone) and forms calcium 

bicarbonate. This process speeds up with a decrease in temperature, not 

because low temperatures generally drive reactions faster, but because 

colder water holds more dissolved carbon dioxide gas. Carbonation is 

therefore a large feature of glacial weathering. 

The reactions as follows: 

CO2 + H2O → H2CO3 

carbon dioxide + water → carbonic acid 

H2CO3 + CaCO3 → Ca(HCO3)2 

carbonic acid + calcium carbonate → calcium bicarbonate 

Hydration 

Mineral hydration is a form of chemical weathering that involves the rigid 

attachment of H+ and OH- ions to the atoms and molecules of a mineral. 

When rock minerals take up water, the increased volume creates physical 

stresses within the rock. For example iron oxides are converted to iron 

hydroxides and the hydration of anhydrite forms gypsum. 

Hydrolysis 

During dissolution, a mineral dissolves but does not otherwisereact 

chemically with the solution. However, during hydrolysis, water reacts with 

a mineral to form anew mineral with the water incorporated into its 

crystalstructure. Many common minerals weather by hydrolysis. For 

example, feldspar, the most abundant mineral inthe Earth’s crust, weathers 

by hydrolysis to form clay. Asfeldspar converts to clay, flowing water 

carries off soluble cations such as potassium. The water combines withthe 

less soluble ions to form clay minerals. 

An example of a reaction in which feldspar hydrolyzes to clay is as follows: 

2 KAlSi3O8 + 2 H+ + H2O→Al2Si2O5(OH)4 +   2 K+ +   4 SiO2 
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Orthoclase Hydrogen Water Clay mineral Potassium Silica feldspar ion. 

 

 

 

Oxidation 

Within the weathering environment chemical oxidation of a variety of 

metals occurs.Oxidationis the reaction that occurs between compounds and 

oxygen. The most commonly observed is the oxidation of Fe2+ (iron) and 

combination with oxygen and water to form Fe3+ hydroxides and oxides 

such as goethite (FeO(OH), limonite FeO(OH)·nH2O, and hematite 

(Fe2O3). This gives the affected rocks a reddish-brown coloration on the 

surface which crumbles easily and weakens the rock. This process is better 

known as 'rusting', though it is distinct from the rusting of metallic iron(Fig. 

5–7). Many other metallic ores and minerals oxidize and hydrate to produce 

colored deposits, such as chalcopyrites or CuFeS2 oxidizing to copper 

hydroxide and iron oxides. 

 

Fig. 5–7, shows the oxidation of rock. 
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