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Lithosphere - solid earth - from the center of the earth to the outer surface

OVERHEAD: Concentric Zones of the earth's interior

for the most part, the study of the solid earth is largely confirmed to the more accessible surface features, but these observable features represent the outward expressions of the dynamic behavior of the subsurface materials

-How old is the earth? current estimates - between 4.6 and 4.8 billion years

-If you were to begin counting at the rate of one number per second and continued 24 hours a day, 7 days a week and never stopped, it would take 2 lifetimes, about 150 years to reach 4.6 billion

-another way to put it - take 4.5 billion geologic years and compress them into 1 year - on that scale:

the oldest rocks we know date from mid-March. 

Living things first appeared in the sea in May.  

Land plants and animals emerged in late November and the widespread swamps that formed the Pennsylvanian coal deposits flourished for about 4 days in early December.  

Dinosaurs became dominant in mid-December, but disappeared 1 day after Christmas, the 25th, about the time the Rocky Mountains were first uplifted.  

Manlike creatures appeared sometime during the evening of December 31 and the aside recent continental ice sheets began to recede from the Great Lake area and from Northern Europe about 1 minute and 15 seconds before midnight on the 31st.  

Rome ruled the Western world for 5 seconds from 11:59:45 to 11:59:50 and Columbus discovered America just 3 seconds before midnight.

PLATE TECTONICS

recently emerged theory of geology

outer, rigid, lithosphere consists of several individual segments called plates.

20 plates

-major plates are Pacific Plate, Eurasian Plate, African Plate, American Plate, Antarctic Plate, Australian Plate

-some minor plates are Nazca Plate, Cocos Plate, Caribbean Plate, Philippine Plate, Javan Defica Plate, Scotia Plate

are others

-continents are imbedded on these plates

-lithospheric plates slide over the other athenoshere below

-each plate moves as a different unit in relation to other plates

how fast? 1 to 10 centimeters per year, very slow

this means that the distance between two points on different plates New York and London is always changing, and the distance between two points on the same plates New York and Denver says the same

-Since they move as distinct units, all the major interactions between plates occur along plate boundaries

most of the seismic activity, volcanism, and mountain building occurs along these dynamic margins - boundaries

some plates, are entirely underwater - Nazca Plate

some plates are composed of both areas under water and areas above water

areas above water are called continents
Composition of the continents
 

base of plates made up of solid material - coherent aggregate of one or more types of mineral particles - rock

-aggregate implies a mixture in which the properties of the individual minerals are retained

-difference between a rock and a mineral?

a rock is an aggregate, whereas a mineral is commonly found by itself in large quantities and possesses a definite internal structure and chemical composition.

1. Solid material (rock) - base of plates - bedrock
3 type of rock

1. igneous
formed when lava from athenosphere cools and solidifies - mica, quartz, obsidian, granite

2. sedimentary
made up particles of gravel, sand, silt and clay that were eroded from existing rocks

limestone, sandstone shale - sediment transported by water to oceans, marshes, lakes, tidal basins.

-as more sediment accumulates, compression occurs and the chemical action of water and certain minerals causes sedimentary rock to form

3. metamorphic formed when igneous and sedimentary rocks are changed by heat, pressure or chemical reaction  into a new mineral structure

-limestone under certain conditions becomes marble

what would cause this heat or pressure? movement and collision of lithospheric plates

2. On top of bedrock - decomposed rock fragments which have broken away from bedrock regolition

what would cause fragments to break away? any of the agents of erosion or weather - wind, water, rain, waves, ice - all agents of erosion or any type of tectonic activity, frost, action of roots

3. On top of regolition - soil - in part composed of tiny fragments of rock - how did rock get fragmentize - erosion or tectonic activity

not always a three layer process - sometimes see exposed bedrock, outcrop
soil - bridge between the inanimate world and life

think of soil, we tend to think of little fragments of rock - soil is really much more than this 

composed of:

1) inorganic materials - insoluble mineral material, little pieces of rock

2) water -the origin of which is precipitation

3) air -in some cases as much as 50% of voids between individual particles is air

4) organic matter - decayed remains of plant and animal material - humus
soil is really where all the spheres - litho, atmo, hydro and bio core together

Soil is a dynamic layer in that many complex chemical and physical changes occur within it.  Soil science sometimes called pedology is very complex from nutrient exchange and plant regimes to engineering issues.

Characteristics of soil
1)
Color - range dark brown , almost black ----red-----almost white

dark soil - indicate high level of humus (organic matter)

red, yellow soil - high presence of minerals, iron

white - high proportion of salt, sand

2) Texture - varies according to the size of particles

clay - particles have diameters less than .002 mm     Proportions

silt - between .002 and .05 mm                            of

sandy - large - .05 to 2.0 mm                            each

above 2.0 - gravel --------------rock          loam-no dominates

OVERHEAD: SOIL TEXTURE CLASSES
3) Structure - how the individual particles clump together

larger clumps peds

clay may have a porosity of 50%

percentage of total volume of soil that consists of space

structure determines a soil's: porosity between soil particles

permeability the ability of water to pass through 

clay's ability to store water is high pour spaces are so small that 
water cannot pass through

generally, the smaller the particles size, the more it clumps - harder to plow

4) Acidity and alkalinity - fertile or in fertile soil is influenced by the complex chemical processes

expressed as the degree to which a soil departs from chemical neutrality either towards acidity or alkalinity

pH scale    0 (acid) to 14 (alkaline)   7 neutral

strongly acidic soil - dissolves nutrients too quickly washed away before used by the plot - add lime

too little acid - not enough nutrients are broken down - plants cant access nutrients

Pollution - Lithosphere

major problems of lithospheric pollution and environmental change

1. soil erosion

2. pesticides and herbicides

3. hazardous industrial waste

4. hazardous household and business waste

5. nuclear waste

Soil erosion

- what is soil erosion?

- it is when particles of soil are transported (carried) by either water, or wind (two agents of erosion) 

- where does soil go once it is eroded?

- eventually ends up in streams, which feed rivers, which feed bigger rivers, which feed the ocean

- is soil erosion a common occurrence? - occurs every time it rains or we get a windy day

- estimated in the United States that 4 billion tons of topsoil is eroded by water each year, 3/4 of it from farmland

- wind erosion may erode another billion tons

-in 1980, a report by the soil conservation service estimated that as much as 1/2 of all cropland in the United States was being eroded so fast that its productivity would suffer

- the effect of soil erosion is to carry away smaller soil particles and organic matter (humus - essential soil nutrient) - what is left behind are coarse soils with a lower nutrient content

- how long has soil erosion been going on?

- for centuries - people have been farming on the delta lands built up at the mouths of rivers for centuries

- important to remember that erosion is a natural process - but that the extent to which it is occurring today is the result of human activities

- inadequate soil conservation techniques on cropland

- increased use of irrigation (why?)

- grazing of cattle (why?)

- the construction of buildings

- the building of highways

- activities associated with mining

- all disturb the soil and accelerate erosion

- soil erosion is measured in tons of soil lost per acre

- about 6 inches of topsoil is usually cultivated in modern agriculture

- this 6 inches weighs approximately 1,000 tons per acre

- if 15 tons per acre per year is eroded, about .10 inch of soil is lost each year and the whole plow layer in 60 - 70 years

- estimated that only 1-5 tons of soil can be lost each year without affecting productivity

Loss of topsoil in U.S. and around the world

- 3 billion tons each year from U.S. farmland

- the amount of topsoil that is eroded varies greatly depending on the amount of rain a place receives or how much irrigation is used, what types of soil conservation practices are in place, if any, and the slope of the land

- national average U.S. cropland erosion losses average 4-5 tons per acre per year, but 43% of U.S. soil erosion comes from only 6% of the farms

TYPES OF EROSION

SPLASH EROSION

CHANNEL EROSION

Sheet Erosion

Rill Erosion

Gullies

Glacial

FOUR PRINCIPAL FACTORS IN SOIL EROSION ARE

1.
Climate

2.
Soil Characteristics

3.
Topography

4.
Groundcover

Climate effects erosion principly in the area of precipitation.

Soil Characteristics include soil texture, organic matter content, structure and permeability.  Soils low in clay and organic matter, high in sand and silty are most erodible.  Well drained sandy and rocky soils are the least erodible.  Clayey soils are usually the worst polluters.

Organic matter improves soil structure, increases permeability and water holding capacity and soil fertility.

Soil structure is the organization of soil particles into aggregates.  Soil structure effects the soils ability to absorb water.  Compacted or crusted soils have low permeability.

Soil Permeability is the ability of soil to allow air and water to move through the soil.

Impacts of erosion

Topography refers to slope.  Slope length and steepness are critical factors in erosion potential since they determine the velocity of runoff to a great extent.  The energy of flowing water (and the erosion potential) increases as the square of the velocity

Groundcover refers principally to vegetation.  Vegetation shields the soil surface from the impact of falling rain, slows the velocity of runoff,  holds soil particles in place and maintains the soils ability to absorb water.

EFFECT OF EROSION

1. decreases the productive capacity of the soil - how by carrying off organic matte

2. affect soil structure - how soil clumps together - soil structure affects the permeability of the soil - permeability allows for storage of water in soil root zone as well as passage to groundwater - when topsoil has bee carried off, the remaining soil may not absorb water as well, hence more runoff may occur, making less water available to the crop

3. makes tilling the soil more difficult - subsoil is more difficult to plow and till than topsoil - also subsoil tends to form rivulets and gullies which may interfere with plowing - picture from film

4. increases sedimentation in streams as well as the amount of soil particles suspended in streams - changes flow of streams and rivers and may make them more prone to flooding - sedimentation also causes siltation of dams 

5. increases runoff of unwanted substances into water, fertilizers, pesticides, etc.

ECONOMIC IMPACTS

1.
Sedimentation reduces reservoir storage capacity and more frequent sediment removal is required.  The Cull Canyon Reservoir is located at the bottom of a 4000 acre watershed in Alameda County CA.  Less than 10% of water shed was urbanized.  11 years after construction 400,00 cubic yards of sediment was removed at a cost of about $1 million.  

Pesticides and herbicides

APPROACHES TO EROSION AND SEDIMENT CONTROL

1.
Fit development to the terrain

2.
Time grading and construction to minimize soil exposure

3.
Retain vegetation whenever feasible

4.
Vegetate and mulch denuded areas

5.
Divert runoff away from stripped areas

6.
Minimize length and steepness of slopes

7.
Keep runoff velocities low

8.
Prepare drainage paths and outlets to handle concentrated flow and/or increased runoff.

9.
Trap sediment on site

10. 
Inspect and maintain controls

