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Igneous rocks + acid volatiles = sedimentary rocks + salty oceans



Physical processes of weathering:
Fragmentation and breakdown of rocks and other particles
without any chemical changes.

1. Temperature: mediate the breakdown of rocks and particles;
2. Motion by water, ice and wind;
3. Activities of plant roots and animals.

Note: the rate of physical weathering is often difficult to be determined
separately because many other kinds of weathering are intimately coupled with
physical weathering.



Chemical processes of weathering:
Weathering from chemical reactions.

1. H2 CO3 and other acid volatiles
2. Hydration 
3. Hydrolysis 
4. Dissolution
5. Oxidation-reduction (e.g., S, Fe)



Figure 4.1





Biological processes of weathering:
Weathering caused by biological activities.

1. Breaking force of root growth
2. CO2 production 
3. Organic acids from roots and litter
4. Activities of soil animals



Atmospheric carbon over geologic time





Weathering rates

1. Types of minerals, 
2. climate
3. biota, 
4. topography
5. time 





Figure 4.15



Figure 4.14 Schlesinger 1997
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Weathering rates

1. Types of minerals, 
2. climate
3. biota, 
4. topography
5. time 

Why are these weathering rates important to be known?



Soil development

Soil formation processes

Types of soils and vegetation

Soil properties
physical
chemical
biological





Germany Spotosol

Minnesota Spotosol

Australia Oxisol

Minnesota Mollisol



Soil formation processes

What is soil formation? Most soils are mineral 
soils formed by the weathering of solid rock masses into 
unconsolidated materials, except for organic soils that 
mostly develop from plant residues.

Soil formation consists of two inter-connected parts: (1) 
the production and accumulation of unconsolidated 
materials by weathering and subsequent movements; 
and (2) horizon development involving changes within 
the loose material over time.





Soil forming factors
Parent materials (rocks, loess, glacial till, alluvium, etc)
Climate (precipitation, temperature, wind, etc )
Biota (organic and living)
Topography (or relief, modify water and temperature)
Time (without time, nothing changes)
Interactions of all



From: Helmsath et al. 1997. Nature 388:358-361

Tennessee Valley, Marin county, CA



Figure 4.11



Types of soils

In general, soils and vegetation are co-evolving through time. 
They are entangled parts of terrestrial ecosystems often with 
distinctive features associated with each particular coupling 
between the two. Understanding and discussion of the relationship 
between soils and vegetation are inevitably imbedded in their 
climate and other environmental conditions.



Plate 3: Aridisols



Plate 8: Mollisols



Plate 5: Gelisols



Plate 10: Spodosols



Plate 11: Ultisols



Plate 9: Oxisols



Soil properties:

Physical: e.g., texture, structure and bulk density

Chemical: e.g., pH, CEC and Redox potential

Biological: e.g., respiration, fertility and food webs 



Soil particle sizes



Soil Texture Triangle





Soil Bulk Density is defined as the mass of a unit 
volume of dry soil with preserved air pore space.







Figure 4.7



What is CEC (Cation Exchange Capacity)?

Surfaces of clay minerals and humus usually have negative charges. These charges 
attract or hold positively charged ions (CATIONS) in equilibrium with other cations 
in solution. The replacement of adsorbed cations by other cations in solution is called 
cation exchange. Cation exchange is controlled by (1) type of cations, and (2) their 
concentration relative to concentrations of other cations in the solution and on the 
exchangeable surfaces. All cation exchange processes are REVERSIBLE reactions, 
and take place following the principle of charge equivalence.

Types of Cations:
The strength of cation adsorption increases as (1) the charge of the cation increases; 
and as (2) the radius of the hydrated cation decreases:

Na
+ < K+ = NH4

+ < Mg2+ < Ca2+ < Al3+ < H+

Cation Exchange Capacity (CEC) is the total quantity of exchangeable cation sites 
(mole of charge) per unit weight of dry soil, often expressed in cmolc /kg. 
(1 cmolc /kg = 1 milliequivalent /100g).







Note: "pe" is another way of expressing redox potentials, 
which is the negative log of the electron activity and 
expresses the energy of electrons. 





Figure 10.12



Soil’s role in Biogeochemistry

1. Vital compartment of biogeochemical processes
2. Vulnerable film of the planet Earth
3. The most important source of nutrients in the Biosphere
4. Soil links the atmosphere, the hydrosphere and the lithosphere.
5. Soil supports 50% of the primary production on Earth
6. More???
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