
The Changing Global 
Environment Part IV 

Those who dwell among the beauties 
and mysteries of the earth are never 

alone or weary of life. 

Rachel Carson 



Atmosphere 

atmo, Greek for air 

Hydrosphere 

hydro, Greek for water 

Biosphere 

bio, Greek for life 

Lithosphere 

litho, Greek for stone 

interacting spheres 

The Environmental Spheres 

B 



IV. THE LITHOSPHERE 



Soil 

Soil is a relatively thin surface layer of mineral matter that 

normally contains organic material and is capable of 

supporting living plants. 

Soil is an interface where the atmosphere, hydrosphere 

and biosphere interact with the lithosphere. 

Soil development begins with the weathering of rock, 

which produces regolith, a loose inorganic material. The 

soil forms at the top of the regolith. 



Soil  Formation 

 A soil has four basic components that affect its fertility 

or ability to support living organisms – inorganic / 

mineral materials, organic matter, water and air.   

Three physical soil properties that help soil scientists 

classify soils are color, texture and structure.  

 The five fundamental soil-forming 

factors are climate, organisms / 

biological, relief / topography, 

parent material and time. 



Types of Soil 

The fertility of soil is based largely on the interactions of its 

physical, chemical and biological properties. A soil’s biological 

properties determine the overall efficiency of nutrient cycling 

and retention for plant use.  

Five processes produce many different types of soils. 

These soil-forming processes are laterization, 

podzolization, gleization, calcification and salination. 

The Soil Taxonomy is the most widely used soil 

classification scheme in the US. It is logical, generic and 

comprehensive. 



How do soils form? CLORPT for 
short. 

 
 

 
CLIMATE 

 temperature and 
moisture 

influence speed 
of chemical 

reactions ... those 
control how fast 

rocks weather 
and dead 

organisms 
decompose ... soil 
develops fastest 
in warm / moist 

climates, and 
slowest in cold / 

arid ones 

 
 

 
ORGANISMS 

biology or 
vegetation ... 
roots spread 
out, animals 

burrow, 
bacteria eat, 
add worms, 
fungi, etc ... 

these 
chemically alter 

original 
material and 

speed up 
breakdown of 
soil particles. 

 
 

 
RELIEF 

topography ... 
shape, slope of 

land and 
direction it 

faces ... relief 
influences 

sunlight hours, 
temperature, 
water runoff, 

erosion, 
organic matter 

buildup, etc 

 
 

 
PARENT 

MATERIAL 

soil inherits traits 
from chemical 
composition of 

original material 
from which it 

formed:  
limestone 

bedrock, lake-
bottom clay,  
transported 

material such as 
sand or salt, 
deposited 

sediment, etc 

 
 

 
TIME 

weathering 
partly depends 
on age: older 
soils are more 

weathered than 
younger ones ... 

tropical soils 
tend to be old  
because they  

avoid the 
remixing 
effects of 
glaciation 



Soil Taxonomy 

entisols (16% global soils): least soil 

profile development 

inceptisols (10%): landscapes 

continuously eroded or young 

deposits 

histosols (1%): peat, bog, wetlands  

aridisols (13%): deserts 

andisols (1%): from volcanic ejecta, 

high organic matter content 

vertisols (2%): high in clay, shales, 

basins, exposed horizons of old 

soils 

mollisols (7%): grasslands 

spodosols (3%): acidic soils, 

coniferous or boreal forests 

alfisols (10%):  humid areas, semi-

tropics, and mediterranean 

climates 

ultisols (8%): subtropical regions, 

often known as red clay soils 

oxisols (8%): old landscapes in 

tropics 

gelisols (9%):  high latitudes and 

elevations 



Global Soil Regions 



Soil Degradation 

About 2 billion hectares of soil, equivalent to 15% of the Earth's 
land area (an area larger than the US and Mexico combined), 

have been degraded through human activities. 



Earth’s Structure 

Earth has a heavy, solid inner core 
surrounded by three concentric shells — 
outer core, mantle and crust — of 
various densities and compositions. 

Geographers focus on Earth’s surface 
and are concerned with the interior 
only as it helps them understand the 
surface. 

Earth’s crust consists of a variety of 
minerals that form many kinds of rocks. 



Rocks 

Three basic classes of rocks occur — igneous, 

sedimentary and metamorphic. Molten magma cools 

to form igneous rocks. Cementation and compaction 

of loose sediments form sedimentary rocks. The 

action of heat and pressure on existing igneous and 

sedimentary rocks form metamorphic rocks. 

The doctrine of uniformitarianism holds that the 

processes that formed the topography of the past are 

the same as those functioning today. 

Mt Angelos in WA 
Tilted sedimentary 

strata (limestone and 
shale, mostly) 



The Rock Cycle 
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Geomorphic Processes 

endogenic processes: operate from within the earth ... examples: 

tectonics processes: plate tectonics (e.g. orogenic processes and 
rifting) 

volcanism: intraplate hotspot activity (lava plateaus and volcanoes) 
arc volcanism, sea-floor spreading 

diastrophism: folding and faulting 

exogenic processes: operate on the earth’s surface ... examples: 

weathering  

mass wasting  

erosion / deposition 

fluvial (running water) processes and landforms 

aeolian (wind) processes and landforms 

glacial (moving ice) processes and landforms 

solution (ground water) processes and landforms 

waves and currents processes and landforms 



Plate Tectonic Theory 

plate – large crustal section of earth’s surface 

tectonic – movement of the earth 

plate tectonics – a unifying theory 

explains formation of continents, mountains, 

earthquakes, volcanoes 

The earth’s crust shifts 1-3 inches per year. 



Plate Tectonics: 
200 Million Years Ago 



Plate Tectonics: 
135 Million Years Ago 



Plate Tectonics: 
65 Million Years Ago 



Plate Tectonics: 
Today 



The Major Tectonic Plates 



Earthquakes 

Earthquakes are caused by the movement of one 
continental plate against another. 

The boundaries between the plates are areas of 
weaknesses called faults. 

As the plates move around they do one of three 
things: 

collide 

diverge  

slide laterally 



Plate Movement: 
Subduction 

heavier oceanic plates subducting below the 

lighter continental plates 



Plate Movement: 
Convergence 

two continental plates colliding  



Plate Movement: 
Divergence 

plates separating and creating a rift or ridge from which 

new lava emerges at the surface 



Landforms 

Landforms are natural 

features of the earth's 

surface that have 

characteristic shapes 

a simplified model of 
landform development 



Landforms 

Structure, process, slope and drainage are the four basic 

elements in the study of landforms. 

Geomorphologists focus on understanding the internal and 

external processes that affect the formation of landforms. 

An understanding of geomorphic processes and features 

depends on the scale at which we view Earth. relationship 
between 

external and 
internal 

geomorphic 
processes 



The Four Types of Landforms 



Landforms Associated with  
Plate Tectonics 

Mountains 

Volcanoes  

Ocean 
Trenches 



Structural Landforms 

Structural landforms are created by the solidification of large 

quantities of magma or by massive movements because of 

plate tectonics. 

Examples include shields, fold mountains, rift valleys, 

volcanoes , etc. 

Devil’s Tower 
WY 

Waimea Canyon, 
Kauai, HI 

Over 1 mile long, 
14 miles wide, 
and over 3,600 

feet deep 



Weathering, Mass Wasting, 
Erosion and Deposition 

Weathering – tearing-down process, breakdown of materials 
... Most landscapes are a combination of mechanical and 
chemical weathering. 

Mechanical weathering involves the breakdown of rocks 
and soils through direct contact with atmospheric 
conditions, such as heat, water, ice and pressure. 

Chemical weathering involves the direct effect of 
atmospheric chemicals or biologically produced chemicals 
in the breakdown of rocks, soils and minerals. 

Mass Wasting – massive movement of materials downslope 

Erosion and Deposition – the removal or deposit of material 



Mechanical Weathering  
Processes  

organic – Plant roots and small burrowing animals break up rocks. 

abrasion - the grinding action of other rock particles due to gravity or the 
motion of water, ice or air 

thermal insolation - As temperatures heat up, the rocks themselves expand 
somewhat. As temperatures cool down, rocks contract slightly. The effect can 
be the weakening of the rock itself. 

salt wedging - As water enters the holes and cracks in the surface of rocks, it 
often carries salt with it. As the water later evaporates, the salt is left behind. 
Over time, these salt deposits build up, creating pressure that can cause rocks 
to split and weaken. 

pressure release - Overlying materials (not necessarily rocks) are removed (by 
erosion, or other processes), which causes underlying rocks to expand and 
fracture parallel to the surface. 



Mechanical Weathering  
Processes  

unloading - abrasive action of water, wind and ice ... Less pressure on surface 
causes expansion and fracturing. 

Crystallization of ice (frost shattering) or certain minerals such as salt can exert 
enough force to fracture rock.. 

freeze-thaw - The most common type of mechanical weathering is the 
constant freezing, and thawing of water. In liquid form, water penetrates the 
many holes, joints, and fissures within a rock. As the temperature drops below 
32°F, this water freezes and expands, becoming about 10% larger than it was 
in liquid form. The holes and cracks in rocks are pushed outward. Even the 
strongest rocks are no match for this force. 

Thermal fracture is the result of rapid temperature change, as by fire, volcanic 
activity or day-night cycles. As some minerals expand more than others, 
temperature changes set up differential stresses that eventually cause the rock 
to crack apart. 



Chemical Weathering 
 Processes 

decomposition - the breakdown of rock by chemical 
mechanisms, changes the chemical composition of the rock 

dissolution / carbonation - Co2 and H20 mix to form carbonic 
acid. Carbonic acid dissolves limestone and creates caverns ... 
One of the main causes of karst formations. 

oxidation  - the reaction of oxygen with metal elements in a 
rock, forming oxides. An easily recognizable example of this 
is rust. 

reduction - the process of removing oxygen and the reverse 
of oxidation ... Ferric iron is converted to ferrous iron 
compounds. Under the condition of excess water (less or no 
oxygen), reduction takes place. 



Chemical Weathering 
 Processes 

solution - process by which certain minerals are dissolved by acidic 
solutions ... For example, calcite in limestone is dissolved easily by 
carbonic acid. Rain that percolates through cracks and fissures in 
limestone beds dissolves calcite, making wider cracks. 

hydration - when water reacts with one mineral to create a new 
mineral 

hydrolysis - the opposite of hydration ... Water breaks down the 
chemical bonds of a mineral instead of creating a new mineral, 
a decomposition reaction. The most common example is feldspar, 
which can be found in granite, changing to clay.  

Dehydration is the removal of water from rock or mineral 
structures.  A good example of dehydration is the removal of water 
from limonite, resulting in the formation of hematite.  
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Weathering Landforms 

Weathering landforms are created by physical, chemical or 
biological decomposition of rock through weathering. 

Examples include landforms where rocks and sediments are 
decomposed and disintegrated, such as karst caves, patterned 

ground, soil profiles, springs, underground water channels, 
deposits from evaporation, etc. 

The Pop-Up Weathering Page 

Carlsbad Caverns’ interior rock formations 
are the result of mineral-laden water 

cutting through the rock. Zion National Park, Utah 

http://www.juicygeography.co.uk/best of/animationsweathering.htm
http://www.juicygeography.co.uk/best of/animationsweathering.htm
http://www.juicygeography.co.uk/best of/animationsweathering.htm


Mass Wasting Processes 

soil creep - slow movement of material found on 

gentle slopes 

slumping and earth flows - forms of earth collapse 

caused by water logged soils 

mud flows - rapid movements of moisture-

saturated soil, often occur after violent storms 



Mass Wasting Processes  

solifluction - slow downslope movement of 

materials found in higher latitudes 

rock falls - Loosened fragments of rocks, known as 

talus, fall downslope ... often called talus slopes. 

landslides - massive movement of materials 

occurring  on steep-face slopes 

avalanches - downslope movement of snow, ice 

or rock 



Mass Wasting Landforms 

movement of materials 

downslope 

typical spoon scoop shape of a slump 
in Lincoln County, WY 

talus slope 
State College 

PA 

avalanche in 
Nepal 



Erosion and Deposition Processes 

plucking - a glacial phenomenon that is responsible for the 
erosion and transportation of individual pieces of bedrock, 
especially large joint blocks, which can then be trapped in the 
glacier 

flocculation - chemical processes where salt causes the 
aggregation of minute clay particles into larger masses that are 
too heavy to remain suspended in water 

cavitation - process of intense erosion due to the surface collapse 
of air bubbles found in constricted rapid flows of water, causes 
the detachment of material from a surface 

raindrop impact - force exerted by a falling raindrop on 
a rock, sediment or soil surface 

traction - erosional movement of particles by rolling, sliding and 
shuffling along the eroded surface, occurs in all erosional 
mediums (air, water and ice). 



Erosion and Deposition Processes 

abrasion - physical wearing and grinding of a surface 
through friction and impact by material carried in air, 
water or ice 

saltation - transport of sediment initiated by moving air or 
water where particles move from a resting surface to the 
transport medium in quick continuous repeated cycles 

entrainment - one of three distinct processes involved 
in erosion, the process of particle lifting by an agent of 
erosion 

suspension - erosional movement of sediment continually 
held in the transport medium of air, water or ice 



Erosional Landforms 

Erosional landforms are created by the removal of 

weathered and eroded surface materials by wind, water, 

glaciers and gravity. 

Examples include river valleys, glacial valleys, coastal cliffs, 

gullies, glacial tills, etc. 

 

These rock formations, in Bryce Canyon National Park UT, 
are called hoodoos. The soft sandstone was carved away 

by the erosion of wind, water, and ice,. 

Mass wasting can result in an open scar on the 
landscape and an accumulation of debris. The 

Grand Canyon is an example. 



Depositional Landforms 

Depositional landforms are created by the deposition of 

weathered and eroded surface materials. 

Deposits can be compressed and altered by pressure, heat 

and chemical processes. 

Examples include beaches, deltas, flood plains and glacial 

moraines, sand bars, alluvial fans, etc. 

braided stream channel with gravel bars Chesapeake Bay, the nation’s largest estuary 



The End 


