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H2O – Water, Ice, and Vapor

Weathered  steeply-dipping 

rocks

•The liquid form of H2O is water, the most 

abundant compound on Earth's surface, 

covering about 70 % of the planet. 

•It is a tasteless, odorless liquid at 

ambient temperature and pressure, and 

appears colorless in small quantities, 

although it has its own intrinsic very light 

blue hue.

•The solid form, ice, also appears colorless, and water vapor is essentially 

invisible as a gas.
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Water (H2O)

• Water’s unique properties:

• Dielectric Strength

• Hydrogen bridges between molecules 

• Universal Solvent

• Wide range of temperature and pressure conditions under which it liquid

• Water contraction and expansion

• Ice, steam, fog, and vapor

• Directional flows influenced by gravity and electrical fields

• Cohesion and adhesion

• Surface tension

• Specific heat

• Poor conductor of heat

• The tendency to form colloids with other elements
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Water (H2O)Water (H2O)

• Water is the chemical substance with 

chemical formula H2O: one molecule of water 

has two hydrogen atoms covalently bonded to a 

single oxygen atom.

• Water’s unique bonding achieves molecular  

neutrality but molecular asymmetry.

• Oxygen attracts electrons much more strongly 

than hydrogen, resulting in a net positive charge 

on the hydrogen atoms, and a net negative 

charge on the oxygen atom. 

• The presence of a charge on each of these 

atoms gives each water molecule a net dipole 

moment and a high dielectric strength.

H2O
Weathered  steeply-dipping 

rocks

Water’s unique properties
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Water (H2O)Water (H2O) Water’s unique properties

• Strong intermolecular forces 

called hydrogen bonds are formed 

between water molecules. 

• Hydrogen bonding is responsible for many of the unusual 

characteristics of water, namely:

1) Cohesive - refers to the fact that water sticks to itself very easily, has a 

relatively high boiling point (and low vapor pressure) for a molecule of its size.

2) Adhesive means that water also sticks very well to other things, which is why it 

spreads out in a thin film on certain surfaces, like glass.

3) The wide range of temperature that water exists in liquid form 

4) Its higher density as a liquid than for a solid (ice) 

5) Its propensity to form dome-like droplets on surfaces (high-surface tension)

6) It’s ability to act as both a weak acid and base. 
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Water (H2O)

Weathered  steeply-dipping 

rocks

• In nature, water exists in dynamic 

equilibrium between the liquid and 

gas states at standard temperature 

and pressure.

• Water is primarily a liquid under 

standard conditions, which is not 

predicted from its relationship to 

other analogous hydrides of the 

oxygen family in the periodic table, 

which are gases such as hydrogen 

sulfide. 

Weathered  steeply-dipping 

rocks

Average Earth surface temperature = 14o C (57o F)

• The elements surrounding oxygen in the 

periodic table, nitrogen, fluorine, phosphorus, sulfur 

and chlorine, all combine with hydrogen to produce 

gases under standard conditions.

Water’s unique properties
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Water (H2O)

•The reason that water forms a liquid is that oxygen is more 

electronegative than all of these elements with the exception of fluorine.

•It can be described as a polar liquid that slightly dissociates disproportionately 

into the hydronium ion (H3O+(aq)) and an associated hydroxide ion (OH−(aq))

•Water is therefore in the unique 

position of looking both like an acid 

(H+) and a base (OH-). 

•For this reason it is commonly 

referred to as the universal solvent; 

It dissolves salts and other ionic 

compounds, as well as polar 

covalent compounds such as 

alcohols and organic acids. 

Water’s unique properties
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Water (H2O)

• In the solid 
state, the particles 
of matter are 
usually much 
closer together 
than they are in 
the liquid state. 

• So if you put a 
solid into its 
corresponding 
liquid, it sinks.  

Weathered  steeply-dipping 

rocks

•But this is not 

true of water; its 

solid state is less 

dense than its 

liquid state, so it 

floats.

Water’s unique properties
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Water (H2O)

• Water is the only common substance 

found naturally in liquid, solid, and gaseous 

states, and essential for all life on Earth.

• Because of this, water in nature and in use 

is rarely pure and some of its properties may 

vary slightly from those of the pure 

substance. 

•If water could not readily dissolve compounds, 

there would be no life on earth. 

•But there are compounds that are not soluble in water (e.g oil, diamonds, glass)

• The vapor form of water includes steam, fog, and clouds, that latter two form 

when water vapor condenses into tiny liquid water droplets in the air. 

Water’s unique properties
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Weathering

• Rocks and minerals are disintegrated 

and decomposed by the processes of 

mechanical and chemical weathering. 

• This breakdown occurs because the 

parent material reacts with its new 

physical and chemical environment 

transforming it into a new equilibrium 

state.

Weathered granite

Weathered  steeply-dipping rocks
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Weathering and Erosion

•Weathering includes several physical and chemical processes that alter 

surface and near-surface rocks and minerals, whereas

•Erosion involves the removal of weathered materials , by running water or 

blowing wind, for example, from the area where weathering occurred.

•Weathering is essential part of the rock cycle.

• Parent material are the rocks and minerals that break down by weathering 

into smaller pieces, or perhaps dissolve, and then eroded, transported, and 

deposited .

•The products of weathering include soluble salts, ions in solution, and solid 

particles which can be eroded and can become sedimentary rock or modified 

in place to become soils.

GC Herman 2013



Mechanical Weathering

•Mechanical weathering takes place when 

physical forces break minerals and rock into 

smaller pieces. 

•Includes many processes including 

freeze-thaw, pressure release, thermal 

expansion and contraction, crystal growth, 

abrasion, and the activities of organisms.
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Mechanical Weathering

•The products of mechanical weathering are 

chemically the same as their parent materials.

Arches national Park, Utah 

•Mechanical weathering enhances chemical 

weathering by breaking material into smaller 

pieces, thereby increasing the surface area for 

chemical reactions.
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Mechanical Weathering

•Freeze-thaw action
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Chemical Weathering

• Chemical weathering processes include solution, oxidation, and hydrolysis

• Solution is when ions in minerals of a solid substance separate, or 

dissolve when coming into contact with a liquid. 

A common example is when  limestone (impure calcium carbonate) is 

dissolved by contact with slightly acidic water, like rainwater.

• Rainwater and shallow  

groundwater commonly contain 

small amounts of carbon dioxide 

(CO2), thereby liberating the 

hydrogen ions in carbonic acid.
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Solution Chemical Weathering
causes a change in the chemical composition whereby parent material is transformed 

into products including ions in solution, soluble salts and clay minerals.

Effects of acid rain
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Karst and Caves
Karst topography is a geological 

formation shaped by the 

dissolution of a layer or layers of 

soluble bedrock, usually carbonate 

rock such as limestone or 

dolomite, but has also been 

documented for weathering-

resistant rocks, such as quartzite, 

given the right conditions.

•A cave or cavern is a natural underground space 

large enough for a human to enter. 

•Caves form naturally by the weathering of rock 

and they often extend deep underground.

•The word "cave" can also refer to much smaller 

openings such as sea caves, rock shelters, and 

grottos
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Dissolution of calcium carbonate and calcium sulfate in red mudstone, Hopewell, NJ
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Subsurface chemical weathering of soluble minerals from mineralized mudstone



Chemical Weathering

• Oxidation any chemical reaction when which a compound loses electrons, 

whether oxygen is present or not.

A common example is iron combines with 

oxygen and forms the red iron oxide hematite:

Iron can be further 

oxidized by combining 

with water to from the 

yellow or brown 

hydroxide limonite 

(FeO(OH).nH2O), 

otherwise commonly 

known as rust.
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Chemical Weathering

• Hydrolysis takes place when hydrogen ions (H+) or the hydrogen in hydroxide 

(OH-) of water reacts with and replaces positive ions in minerals, thereby 

changing their composition and liberating soluble compounds and iron in the 

process.

A common example is the alteration of feldspars in rock:

K-felspar  + carbonic acid + water             Clay + ions and silica in solution

Ca or Na feldspar + carbonic acid + water Soluble Na  and Ca compounds

•Hydrolysis of calcium feldspar  is what 

makes water ‘hard’. 

•Calcium in water inhibits the reaction of 

detergents with dirt and precipitates as 

scaly minerals in water pipes and water 

heaters.
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Chemical Weathering Industrialization and acid rain
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Chemical 

Weathering

• The stability of 

silicate minerals is 

exactly opposite of 

their order of 

crystallization in 

Bowen’s reaction 

series  

• Weathering of 

feldspar from 

granite leaves 

quartz standing out 

in relief 
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Chemical Weathering

• Hot and wet 

environments 

accelerate chemical 

weathering. 

occurs in all environments, except, 

possibly, permanently frozen polar regions.
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• Chemical weathering of 

siltstone and shale directly into 

silt and clay in the shallow 

subsurface
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Chemical Weathering

• Spheroidal weathering is also 

one manifestation of chemical 

weathering.

•Rocks with rectangular shapes weather into spherical shapes because the 

corners are attacked from three sides, and edges are attacked from two sides, 

but flat surfaces weather uniformly.
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Chemical weathering and mineral resources

• Intense chemical 

weathering causes the 

concentration of valuable 

mineral resources such as 

iron, lead, copper, and 

clay.

• Gossans, oxidized ores, 

and supergene 

enrichment of ores all 

result from chemical 

weathering.

Clay pit

Gossan, also spelled gozzan , are rust-colored oxide and 

hydroxide minerals of iron and manganese that cap an 

ore deposit. 

Gossans form by the oxidation of the sulfide minerals in 

an ore deposit and they thus may be used as clues to 

the existence of subsurface ore deposits.
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Chemical weathering and mineral resources

• Supergene processes or enrichment occur when outcropping ore deposits 

are chemically weathered by meteoric water (rain and snow) that percolates 

downward, carrying leached metals to the base of the oxidation portion of the 

ore body. 

• The reaction produces 

secondary sulfides with 

metal contents higher than 

those of the primary ore.

• This is particularly noted in 

copper ore deposits where 

copper sulfide minerals are 

deposited by the descending 

surface waters.
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Scree or Talus slopes

•Scree, or talus, is accumulation of broken 

rock fragments at the base of crags, 

mountain cliffs, or valley shoulders 

•It forms as a result of mechanical and 

chemical weathering

Talus fans Talus slope
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Regolith

•It’s present on Earth and other 

terrestrial planets and moons.

•It can result from both types of 

weathering.
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is a layer of loose, 

heterogeneous material covering 

solid rock, including broken rock, 

soil, and dust.



Soil

• Soil consists of 

weathered rock 

particles, air, 

water, humus 

and also the 

plants which 

they support. 

is the natural, unconsolidated or loose covering of fine rock particles on 

Earth’s surface that are primarily composed of minerals which differ from their 

parent materials in their texture, structure, consistency, color, chemical, biological 

and other characteristics. 
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Soil

• Soil formation produces 

horizons that are known in 

descending order as 

O, A, B, and C. 

•These horizons differ from 

one another in texture, 

structure, composition and 

color.

•Soil formation is controlled 

by climate, parent material, 

organic activity, relief and 

slope, and time.

•Climate is the single most 

important factor influencing 

soil type.
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Soil Climate is the single most important factor influencing soil type.
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Pedalfers develop in 

humid climates such 

as that of the eastern 

United States and 

much of Canada.

Pedocals are soils of arid and 

semiarid regions that  may 

contain hard, irregular 

masses of caliche

(calcium carbonate) in 

horizon B.

Laterite develops from 

intense chemical 

weathering of regolith 

and bed rock and is 

typical of regions such 

as the tropics.

Leaching is a process resulting from water percolating down through horizon A 

carrying dissolved, soluble minerals to lower soil horizons
Soil
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Soil

Ped-o-cal

calcite (caliche) 

and less organic material

Laterite

Soluble material-leaching 

complete 
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Ped-al-fers

aluminum and iron

more organic 

material



Soil

•Laterites are thick, red soils, and sources of aluminum and iron ores where 

derived from parent material bearing these elements.

Bauxite – Aluminum ore
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Soil

• Expansive soils contain 

clays that swell when wet 

and shrink when dry causing 

damage to foundations, 

roadways, and other 

structures. 

• Those with clays that 

expand by 6% are considered 

highly expansive

•Map of the USA showing 

the areas of expansive soil in 

light brown
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Soil

• Poor soils are often subject to slash and burn practices
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Soil conservation practices
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Erosion

•Soil erosion is caused mostly by 

sheet and rill erosion. 

•If small drainage channels can be 

plowed through they are called  

rills

•If they can’t they’re called gullies

• It is a problem in some areas, 

especially where accelerated by 

human activities such as 

construction, agriculture, ranching, 

and deforestation.
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Mass Wasting

• The down slope movement of material resulting from the force of gravity is 

known as mass wasting. 
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Mass Wasting

•Mass wasting results when the force of gravity acting parallel to a slope 

exceeds the strength of that slope.
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Mass Wasting

•Mass wasting can be 

hazardous and often results in 

the loss of life and property.

•The steepest angle that a 

material can sustain is called 

the angle of repose.

•For unconsolidated material 

this angle is normally between 

25o and 40o, but for rocks it can 

be much higher
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Slope Failure

1. Slope angle

2. Weathering of slope material 

3. Water content

4. Overloading or undercutting

5. Lack or loss of vegetation. 

• Several factors are usually involved:
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Slump Block happens when mass material moves downhill on 

a curved surface of rupture 

• This causes the slumped 

material to rotate backward

• Common in undercut 

unconsolidated  or 

weakly-consolidated 

material
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Rock Slides happen when mass material moves downhill on 

more-or-less planar surface

• Commonly occur when undercutting 

rock layers that dip the same direction 

as the surface slope. 
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Mass movements are classified by: 

1) rate (rapid vs. slow)

2) type of movement (falling, sliding, or flowing) and,

3) type of material (rock, soil, or debris).

• Rockfalls, the 

free-fall of rocks, 

are a common and 

simple type of 

mass movement.

• Complex 

movements involve 

combinations of 

different types of 

mass movements, 

most involving 

sliding and flowing.

Mass Wasting
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•http://www.youtube.com/watch?v=SlGTirtRP4c

•http://www.youtube.com/watch?v=gvSe27Ht-NY

•http://www.youtube.com/watch?v=bBQ4TKOR-9E



•The slowest and most widespread type of mass wasting is called creep. 

•This involves the imperceptible down slope movement of soil and rock.

Mass Wasting
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Mass Wasting

• Clays that 

spontaneously 

liquefy and flow 

when disturbed are 

known as quick 

clays.

• Solifluction is the 

slow down slope 

movement of 

water-saturated 

surface sediment 

common in areas of 

permafrost.

GC Herman 2013



Mass Wasting

• A thorough geologic investigation of an 

area is the most important way in which 

areas susceptible to mass movements can 

be identified and the hazards reduced or 

eliminated.

•Retaining walls, draining excess water, 

regrading slopes, and planting vegetation 

can all be used to help stabilize slopes.
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