


EARTH SCIENCE



Uniformitarianism
• The physical and biological processes 

presently forming and modifying Earth are 
the same now as they were in the past. 

• A study of past and present processes is 
key to the future.





Earth:  
Structure and Composition
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Earth’s Cross Section
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Earth is a Dynamic Planet

• A Layered Sphere 
! Core - interior composed of dense, intensely hot 

metal, mostly iron. Generates magnetic field 
enveloping the earth. 

! Mantle - hot, pliable layer surrounding the core.  
Less dense than core. 

! Crust - cool, lightweight, brittle outermost layer.  
Floats on top of mantle.



" Plate Tectonics- study of the processes by 
which the lithospheric plates move over 
the asthenosphere 

" Plate Boundary - where 2 plates meet 

" Divergent, plates move away from each other 
" Convergent, plates move towards... 
" Transform, plates slide past ...

 

Internal Planetary Processes



CONVERGENT
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DIVERGENT
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TRANSFORM
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WHERE ARE THE PLATE BOUNDARIES?
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Plates and Plate Boundaries
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ISLAND CHAINS (ARCHIPELAGOS)

19



20

Tectonic Processes
- Ocean basins form where continents crack 
and pull apart. 

- Magma (molten rock) forced up through the 
cracks forms new oceanic crust that piles 
up underwater in mid-ocean ridges.
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Tectonic Processes

!Mountain ranges pushed up at the margins of 
colliding plates. 

- When an oceanic plate collides with a continental 
landmass, the continental plate  will ride up over 
the seafloor and the oceanic plate will subduct 
down into the mantle where it melts. 

#Deep ocean trenches mark subduction zones.
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CRUST START

CRUST END
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Pangaea
• Geologists suggest that several times in Earth’s history 

most, or all, of the continents gathered to form a single 
super-continent, Pangaea, surrounded by a single 
global ocean. 

• The redistribution of continents affects the Earth’s 
climate and may help explain the periodic mass 
extinction of organisms.
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Pangaea



Natural Disasters and 
Catastrophes



Hazards, Disasters, and 
Catastrophes

• Natural processes are physical, chemical, and 
biological changes that modify the landscape. 
– Common denominators of vastly destructive natural events are 

transport of material (water, air, and earth) and expenditure of 
energy. 

• Direct Natural Disasters: 
– floods take largest number of human lives 

• disease however is still the number one killer 
– wind disasters cause most property damage



Earthquakes



" Occur along faults 
" Energy released as seismic wave

 

Earthquakes
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• Earthquakes - sudden movements of the 
Earth’s crust that occur along faults where 
one rock mass slides past another 

• Earthquakes are caused by grinding and 
jerking as plates slide past each other. 
– mostly at depths of 10 to 15 km along faults 
– they can release more energy than a large nuclear explosion. 

- Point at which first movement occurs is called the epicenter.
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Earthquakes 

• Worst death tolls from earthquake occur when 
construction is poor.  Now buildings in earthquake 
zones are reinforced. 

• Most seismically active region in U.S. is west coast, but 
largest earthquake recorded was in New Madrid, 
Missouri 

• Tsunami can be generated by earthquakes as we saw 
in 2004. 
!U.S. has installed warning buoys in ocean.
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Seismic Map of Earthquake Risk in the US
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Tsunami



" Giant undersea wave caused by an 
earthquake, volcanic eruption or landslide 
" Travel > 450 mph 

" Tsunami wave may be 1m deep in ocean 
" Becomes 30.5m high on shore 
–Over 80% of all tsunamis are produced by earthquakes.

 

Tsunami
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Weathering

• Mechanical weathering - physical break-up of rocks into 
smaller particles without a change in chemical composition 

• Chemical weathering - selective removal or alteration of 
specific components that leads to weakening and 
disintegration of rock 
! Oxidation 
! Hydrolysis
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Soils are Complex Ecosystems
• Soil is a renewable resource that develops gradually 

through the weathering of rocks and the accumulation 
of organic material. 

• The accumulation of topsoil is a very slow process.  
Under the best circumstances it accumulates at a rate 
of about 1 mm/year. 

• With careful management, soil can be replenished and 
renewed indefinitely.
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Soils are Layered
• Soils are stratified into horizontal 

layers called soil horizons. 

! Horizons taken together make 
up soil profile. 
- O Horizon (Organic litter 
layer) 
#Leaf litter, most soil 
organisms and partially 
decomposed organisms 

- A Horizon (Top soil) 
#Mostly mineral particles 
mixed with organic material 

#Supports crops
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Soil Profiles
- E Horizon (washed out) 

#Depleted of soluble 
nutrients 

- B Horizon (Subsoil)  
#Often dense texture from 
accumulating nutrients 

- C Horizon or regolith 
(Parent Material) 
#Weathered rock 
fragments with little 
organic material 

- D Horizon (Bedrock, 
impenetrable)
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Erosion can to lead to Desertification



Our Eroding Soil
• When land cleared of its natural vegetation, 

the soil begins to lose its fertility 
–Physical erosion 

• Became a national issue in the US in the 
1930s 
–Intense plowing + drought 
–Loosened soil blow away



Our Eroding Soil
• The land that became the Dust Bowl had been prairie 

–Deep rooted grasses that held soil in place 
–After plowing soil exposed to elements 

• When original vegetation is cleared soil changes 
–Crops harvested and  removed, less organic matter 

returning to soil 
–Soil exposed to sunlight which speeds rate of 

decomposition



Our Eroding Soil
• Since WWII 

mechanized farming 
has seriously 
damaged land 
–> 1 billion hectares 
–In US 1/3 of topsoil 

has been lost





Where Eroded Soil Goes
• A lot of it travels down streams and rivers 

–Deposited at their mouths 
• Fill in water ways  
• Damage fisheries and coral reefs 

• Sedimentation has chemical effects 
–Enrichment of waters, eutrophication 
–Transport of toxic chemical pesticides
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6 Components of Soil

• Soil is a marvelous, complex substance; an 
entire ecosystem that is hidden to most of us. 
In general it has 6 components: 

!Sand and gravel (inorganic) 
!Silt and clay (inorganic) 
!Dead organic material (organic) 
!Soil fauna and flora (organic) 
!Water (inorganic) 
!Air (inorganic)
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Variation in Soil Composition 

• Variation in the 6 components of soil can produce and 
almost infinite variety of soil types. 

• Soil texture, the amount of sand, silt and clay in the 
soil, is an important characteristics of soils. 

• Loam soils are considered best for agriculture because 
they are a mixture of sand, silt and clay. 

• Local soil types depend on a variety of factors: climate, 
slope, biological activity as well as parent material.
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Soil Texture Pyramid
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A Soil Comparison 

!Brazilian tropical soils are deeply weathered 
red clays which have little organic material. 
They hold few nutrients and water . 

!The rich, black soils of the Midwestern US 
are rich in nutrients and organic material 
and contain a mixture of sand, silt and clay 
to hold moisture well
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Soil Fauna Determine Fertility

• Soil bacteria, algae and fungi decompose leaf litter 
making recycled nutrients available to plants. 
!humus- sticky, brown, insoluble residue from the bodies 

of dead plants and animals (decaying organic matter) 
that serves as a major source of plant nutrients 

• A single gram of soil can contain hundreds of soil 
bacteria and 20 meters of tiny fungal strands. 

• Tiny worms and nematodes process organic material 
and create air spaces as they burrow. 

• Larger insects, spiders and mites loosen and aerate 
the soil as well.
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Soil Ecosystems
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THE ATMOSPHERE: 
Composition and Structure



The Atmosphere
• Thin layer of gases that envelops Earth. 

–Held near the surface by gravitation and pushed 
upward by thermal energy. 

–Dynamic system



The Atmosphere
" Content 

" 21% Oxygen 
" 78% Nitrogen 
" 1% Argon, Carbon dioxide, 
Neon and Helium 

" Density decreases with 
distance from earth 

" Pressure decreases with 
distance from earth

 



Atmospheric Layers

" Troposphere (0–10km) 
" Where weather occurs 
" Temperature decreases with 

altitude 
" Stratosphere (10–45km) 

" Temperature increases with 
altitude- very stable 

" Ozone layer absorbs UV 
" Mesosphere (45–80km) 

" Temperature decreases with 
altitude
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The Zones of the Atmosphere

• Troposphere 
- All weather occurs here. 
- Convection currents redistribute heat and moisture 
around the globe. 

- Air temperature drops rapidly with increasing 
altitude.
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The Zones of the Atmosphere

• Stratosphere 
- Has almost no water vapor, but 1000X more ozone 
than the troposphere 

- Ozone absorbs ultraviolet light, which warms upper 
part of stratosphere. 

- Ozone protects all life on Earth since UV radiation 
damages living tissues. 

- Ozone is being depleted by pollutants including 
Freon and bromine.
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The Atmosphere and Climate

• Mesosphere 
!Middle Layer 

• Thermosphere 
- Ionized gases and high temperatures 

" Aurora borealis (northern lights)







Atmosphere

• Two important qualities of the atmosphere 
are pressure and temperature. 

• Pressure is force per unit area. 
–Caused by the weight of overlying atmospheric 

gases on those below 
–Decreases w/ altitude 
–Low pressure systems usually bring clouds 
–High pressure systems usually bring clear skies



Atmosphere

• Temperature is the relative hotness or coldness 
of materials 
–Measure of thermal energy, kinetic energy 

• Water vapor content 
–Varies from 1% to 4% 

• Absolute Humidity-# of grams of water in a 
kilogram of air 

• Relative Humidity-moisture present in air compared 
to the amount it could hold if fully saturated (at a given 
temp)







CLIMATE VARIATION & CHANGE

• intensity of sunlight decreases as you move from equator to 
the poles

Low angle of incoming sunlight

Sunlight directly overhead

Low angle of incoming sunlight

North Pole 
60°N

30°N

Tropic of 
Cancer

0° (equator)

30°S

60°S

Atmosphere

LALITUDINAL VARIATION IN SUNLIGHT INTENSITY

Tropic of 
Capricorn

South pole

A. Latitude and Sunlight 



Temperature Changes with Latitude

" Solar energy does not hit earth uniformly 
" Due to earth’s spherical shape and tilt

Equator (a) 

High concentration 
Little Reflection High 
Temperature

Closer to Poles (c) 

Low concentration 
Higher Reflection 
Low Temperature

From (a) to (c)

In diagram below
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Seasons

• Earth is tilted on its axis

• Earth Rotates around the sun over 365.25 days

• Therefore some parts of the Earth receive more or less 
sunlight over the course of the year

• Remember Sunlight is the “climate’s engine” changing its 
intensity will also change wind & rain patterns, ocean 
currents, temperature, and length of daylight

• June 21st...24 hrs of light in Arctic and 24 darkness in 
Antarctica by December 21st the reverse is true in both 
locations



Seasons
SEASONAL VARIATION IN SUNLIGHT INTENSITY





Weather and Climate 

• Weather is what’s happening now w/ the 
atmosphere near the ground. 
–Its temperature, pressure, cloudiness, precipitation, 

winds 
• Climate is the average weather 

–Usually  refers to long periods of time 
–Classified mainly by latitude and wet/dry



The Climate is Always Changing

• Climate has warmed and cooled may times in 
Earth’s history 
–Times of high temp involve relatively ice free 

periods 
–Times of low temp involve glacial events



 Global Climate Patterns
• The Sun is ultimately responsible for global climate patterns

• The heat from the sun (and the earth’s rotation) create the 
wind, rain and temperature patterns of earth



 Regional & Local Climate
• At the same or similar latitudes climate can differ from one 

place to another

• At the same or similar latitudes climate can vary over time 

• There are a variety of reasons for these variation

• tilt of the earth on its axis (previous slides)

• large bodies of water & mountains (upcoming slides)

• and an infinite number of other factors like fallen trees, 
caves etc



 Large Bodies of Water
• * Ocean currents can heat or cool land masses

• * Large bodies of water can moderate land temps.

• (review water’s high specific heat)

• * Ocean currents can alter precipitation patterns

• (see map for examples)
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Global Ocean Conveyor System
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Daytime and/or
Summer

Night and/or
Winter

*



 Mountains & Water
• “Rainshadows”





 Mountains & Water
• “Rainshadows”

Annual Precipation in British Columbia



 Mountains 

• mountains can affect the amount and intensity of 
light thus they can alter temperatures and 
precipitation patterns

How can mountains affect temperature?

Will this effect the distribution of organisms on the 
mountain?
Answer: Absolutely, see illustration

Answer: Absolutely, see illustration





 Mountains 
Notice the tree line in Colorado, like certain 
vegetation only certain animals live at higher elevations



 Mountains 
Below is another example illustrating the changing flora 
with elevation gain



 Mountains 
Compare the north and south facing slopes on the 
mountains below.

Which side will get more light? 
Be warmer? More water?

Would you expect the organisms to differ on each side?

Answer:  in northern hemisphere the south facing

Answer:  Absolutely

 Answer : south slope, north slope 



 Mountains 

• compare the north and south facing slopes of a 
mountain range in the northern hemisphere

North SideSouth Side

Conifers typically grow on north face where shrubby 
drought resistant plants grow on the south face



 MicroClimate
• Climate can vary within small distances due to local features

• Compare the following & Consider abiotic factors such as 
water, light, temperature & wind differences in each

• below a fallen tree in a forest vs above the tree

• under the canopy in a forest vs just outside the canopy

• inside a cave vs outside

• Can you think of another local feature?

Note:  Abiotic factors effect biotic factors (life) and biotic 
factors can alter abiotic factors as well



" Weather 
" The conditions in the atmosphere at a given 
place and time (now) 
" Temperature, precipitation, cloudiness, etc. 

" Climate 
" The average weather conditions that occur in a 
place over a period of years 

" 2 most important factors: temperature and 
precipitation

 

Weather and Climate a REVIEW





Atmospheric Processes

• Atmosphere moves because of the                 
1. Earth’s rotation & 2. differential heating. 
–Produce global patterns of prevailing winds and 

latitudinal belts of high and low pressure



 Global Wind & Rain Patterns
• hot air rises and cool air falls

• dry air absorbs water (higher rate of evaporation)

Descending 
dry air 
absorbs 
moisture Ascending 

moist air 
releases 
moisture

Descending 
dry air 
absorbs 
moisture

30° 23.5°
0°

23.5° 30°
Arid 
zone Tropics

Arid 
zone

60°N

30°N

0° (equator)

30°S

60°S

GLOBAL AIR CIRCULATION AND PRECIPITATION PATTERNS
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Convection Currents

• Releasing latent heat causes air to rise, cool, and lose 
more water vapor as precipitation. 

• Warm air close to equator vs. cold air at poles also 
produces pressure differences that cause weather. 
! Air near surface warms and becomes less dense 

than the air above it; rises above cool air creating 
vertical convection currents. 
- Low pressure - air is rising 
- High pressure - air is sinking 

!Pressure differences cause winds.



 Global Wind & Rain Patterns
• hot air rises and cool air falls

• dry air absorbs water (higher rate of evaporation)



• hot air rises and cool air falls

• dry air absorbs water (higher rate of evaporation)

Low

Low

Low

High

High

High

High Coriolis Effect

 Global Wind & Rain Patterns



" Large winds due in 
part to pressures 
caused by global 
circulation of air 
" Left side of diagram 

" Winds blow from high 
to low pressure 
" Right side of diagram

Low

Low

Low

High

High

High

High

 

Surface Winds



" Earth’s rotation influences direction of wind 
" Earth rotates from East to West 
" Deflects wind from straight-line path 

" Coriolis Effect 
" Influence of the earth’s rotation on movement of air 
and fluids 

" Turns them Right ( clockwise) in the Northern 
Hemisphere 

" Turns them Left (counter clockwise) in the 
Southern Hemisphere

 

Coriolis Effect



• the rotating earth + the rising and falling air = pattern seen 
below

• (note: the land at the equator is moving faster than the 
land at the poles causing a deflection in the air) 

GLOBAL  WIND PATTERNS

Westerlies

Northeast trades

Doldrums

Southeast trades

Westerlies

Antarctic 
Circle

60°S

30°S

0°
(equator)

30°N

60°N

Arctic 
Circle

 Global Wind & Rain Patterns



Can you name that tune?
Jimi Hendrix The wind cries Mary
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Jet Streams

• Jet streams - hurricane 
force winds at the top of 
the trophosphere which 
follow an undulating path





Patterns of Ocean Circulation

Trade winds

Westerlies

 
Would follow wind patterns if the pesky continents weren’t in the way!





El Niño and Climate
" El Niño-Southern Oscillation (ENSO) 

" Periodic large scale warming of surface waters of 
tropical E. Pacific Ocean 

• During El Niño years 
–Trade winds weaken 
–Western moving current weakens or reverses 
–As a result eastern equatorial ocean unusually warm 

• Changes global atmospheric circulation 
–Causes changes in weather in regions that are far 

removed from tropical Pacific
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Ocean Currents Modify Weather

• Warm and cold ocean currents strongly influence 
climate conditions on land. 

• The ocean and the atmosphere have regular patterns 
of flow or currents, but these may shift from time to 
time. 

• Winds and rains may change as a consequence of 
these shifts.   

• El Niño or ENSO is an example of such a shift.         
(will discuss later)



" Normal conditions 
" westward blowing tradewinds keep warmest water in 

 

Ocean Interaction with 
Atmosphere - ENSO

" ENSO conditions 
" trade winds weaken and warm water expands eastward 
to South America

GLOBAL  WIND PATTERNS

Westerlies

Northeast trades

Doldrums

Southeast trades

Westerlies

Antarctic 
Circle

60°S

30°S

0°
(equator)

30°N

60°N

Arctic 
Circle
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ENSO Affects North America

!During an El Niño year, the northern jet stream pulls 
moist air from the Pacific over the U.S. 

- Intense storms and heavy rains from California to 
the Midwest 

- During intervening La Niña years, hot, dry weather 
is often present. Resulting high sea surface 
temperatures cause hurricanes to be more violent. 

- Long term studies of coral reefs indicate that ENSO 
events are becoming stronger and more irregular 
due to global warming.





 

ENSO Climate Patterns



 

ENSO Climate Patterns



 

ENSO Climate Patterns



 

ENSO Climate Patterns























Fig. 14-3, p. 308

Unconfined Aquifer Recharge Area

Precipitation Evaporation and transpiration Evaporation

Confined 
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Runoff

Flowing 
artesian 
well
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Unconfined 
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Stream Well 
requiring a 
pumpInfiltration Water 

table Lake
Infiltration

Unconfined aquifer
Confined aquifer

Confining impermeable rock layer 

Less permeable 
material such as clay


