

Unit 4
Weathering, Soil, and Erosion
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Part 1: Weathering


1. When rocks are uplifted, exposed to wind, water, and biological processes, their environment changes them.
· Rocks change in their observable properties and mineral composition
· This breakdown is called weathering

A. Physical (Mechanical) Weathering

2. Physical weathering changes the size and/or shape of the rock, without changing the rocks chemical composition.

[image: http://www.calstatela.edu/faculty/acolvil/weathering/frost_wedging.jpg]3. Agents of Physical weathering:
· Frost action 
· Plant roots
· Abrasion by gravity, water, waves, wind or ice (glaciers)

4. Frost Action:
· Is an important agent where climates undergo seasonal temperature changes that alternate between freezing and non-freezing temps
· Water seeps in rock cracks and freezes
· Ice forces the rocks apart, and causes breakage
[image: http://regentsprep.org/Regents/earthsci/units/weathering/frostwedging.gif]





5. Plant Roots:
· Grow in the cracks of rocks 
· Roots expand and push the rocks apart
[image: http://www.nicholas.duke.edu/eos/geo41/wea003.gif]







6. Abrasion is the wearing down of rock particles as they collide and rub against each other. 
· Five natural causes of abrasion
· Flowing water – streams carry particles and they bump and rub against each other  **Most Common**
· Moving ice (glaciers) – drags, scrapes and breaks rocks
· Waves – constantly attacks rock and sediments along shorelines
· Wind – causes particles to abrade exposed rock surfaces
· Gravity – uses weight to cause breakage

7. Some rock forming minerals are more resistant to physical weathering than others.
· Quartz and feldspars are more resistant
· Micas and clay, quickly weather








B. Chemical Weathering

1. When rocks are uplifted and exposed to the atmosphere (air) and the hydrosphere (water), they often undergo chemical weathering.
· Changes the mineral composition of the rock, forming new substances
· Iron exposed to the atmosphere → Iron Oxide (Rust)
· Feldspar weathers to clay

2. Agents of Chemical Weathering:
· Water (or hydrosphere)
· Heat (warm air- atmosphere)
· Thus, chemical weathering takes place most rapidly in warm, moist climates… (Like rainforests, Florida)






C. Rates of Weathering

1. The rate at which rock weathers (phys/chem) depends on:
1.  Time exposed to weathering agent
2.  Hardness
3.  Size
4.  Shape
5.  Solubility
   6. Exposure
   7. Speed of weathering agent

2. Some minerals resist chemical weathering better than others……
· Quartz - is stable and resistant to weathering
· Olivine - quickly weathers to clay when exposed to the atmosphere and the hydrosphere
· Limestone - decomposes if exposed to acid rain

Practice Questions:





Part 2: Soil
A. Soil
1. Soil is the mixture of weathered rock, microorganisms, and organic remains that usually covers bedrock. 
	- composition depends on the rocks it formed from and the local climate
	- physical, chemical, and biological properties are involved in the development of soils
[image: http://cropsoil.psu.edu/extension/livingmulch/images/9_soil_tilth.jpg]





2. Physical Properties:
· Break solid rock into small particles

3. Chemical Properties:
· Changes the minerals, often increasing the clay content



4. Biological Properties:
· Plants and animals add organic material in the form of waste product and dead remains
· Decay of organic remains produces acids, which assist chemical weathering
· [image: http://www.blm.gov/nstc/soil/communities/images/soil8.jpg]Burrowing animals, (earthworms, insects, rodents) help air and water circulate through the soil







5. Climate factors:
· Determine the soil composition
· Moist, dry, rich, acidic

6. The gradual formation of soil in place produces layers known as soil horizons.
	- topsoil - growing
	-lowest layer- bedrock

[image: http://regentsprep.org/Regents/earthsci/units/weathering/soils4.gif]











7. Most of the soils  New York do not show a complete soil horizon.
	- repeated advance and retreat of continental glaciers have stripped the soil layers
	-weathered soil often sits on bedrock


8. Soil is a resource that must be protected:
· Takes hundreds of years for a single topsoil layer to form
· Humans have contributed to its loss


Part 3:  Properties of Soil

        *** Think back to the water cycle...***
[image: http://www.sciencekids.co.nz/images/facts/watercycle700.jpg]









A. Groundwater Zones

1. After infiltrating the soil groundwater occupies distinct zones.
· Gravity pulls much of the groundwater down until it reaches bedrock
· Impermeable (water cannot pass thru)

[image: http://geoscape.nrcan.gc.ca/h2o/bowen/images/groundwater_e.jpg]















2. Above the impermeable bedrock is the zone of saturation.
· All spaces, cracks, or openings are completely filled with water

3. Above the zone of saturation is the zone of aeration.
· Where spaces between soil particles are filled with air

4. The boundary between the 2 zones is known as the water table. 
· [image: http://www.bedford.k12.ny.us/flhs/science/geoscience/images/watertable.jpg]The uppermost surface of the zone of saturation  
[image: http://www.epa.gov/safewater/dwa/electronic/presentations/sdwa/pt1/img015.gif]









5. As water passes through the ground, soil and rock act as a natural filter, making groundwater a good source of drinking water.

6. Knowing the location of the water table is important because:
· Water wells much reach below the water table in order to provided a good source of drinking water

7. When water is pumped out of a well faster than it can be replaced lowers the water table
· [image: http://www.winona.edu/geology/MRW/mrwimages/watertable.jpg]Well runs dry











B. Porosity, Permeability and Capillarity
1. The amount of water in the ground and the movement of water through the ground are controlled by the characteristics of the soil and rock near the surface.

[image: http://www3.gov.ab.ca/env/water/GWSW/quantity/learn/Evaluation/EV_Images/EV3_porosity.gif]2. Water is able to infiltrate the ground when there are many openings (pore spaces) between soil particles.
· The amount of pore
space is called porosity - % of open space
· Almost all materials are porous
· Depends on the shape and size of the soil particles

3. The most porous soils contain well rounded particle that are the same size (well sorted), and are not closely packed.
· The more closely packed, the less porous



4. Permeability is the ability of soil to transmit water.
· How fast water can pass through the soil
· Depends on the size of the pores and how the pores are connected
· Ex. Sand – highly permeable, Clay low permeability
[image: http://www.orcbs.msu.edu/environ/programs_guidelines/wellhead/glossary_faq/permeability.jpg]






5. Soils can be highly porous, but have low permeability; OR low porosity, but highly [image: http://www.co.pepin.wi.us/Groundwater%20website/New%20Folder/Slide4.gif]permeable. 









[image: http://piru.alexandria.ucsb.edu/~geog3/concept_db_illus/collection/nick/hydro/surface_runoff.jpg]6. Surface runoff occurs when rain fall exceeds the permeability rate of the soil. 
(falls faster than it can soak into the ground) 





7. Capillarity is the ability of a soil to draw water upwards into tiny spaces between soil grains.
· Soil composed of very small particles show the most capillarity
· Water moves upward because of the attraction between water molecules and surface of the soil particles
[image: http://www.sciencefair-projects.org/images-sciencefair/biology/biology10.gif]









Practice Questions: 





















Part 3: Erosion

Q . How are weathered materials transported?

1. Rocks that have been broken into fragments are called sediments.
	- are usually moved from their place of origin

2. Erosion is the transportation of sediments
	 - water, wind, glaciers
	 - they will be deposited in a different location
	 - gravity aids in erosion especially in cliffs

3. Erosion by Gravity:
· [image: http://www.scienceclarified.com/landforms/images/ueol_02_img0071.jpg]known as mass movement, or mass wasting
· the downhill movement of rock or sediment without being carried by water, wind, or ice
· material can slide, flow, or fall
· includes slow creep, slumping, and landslides
[image: http://seis.natsci.csulb.edu/bperry/Mass%20Wasting/ShearStressSteepSlopeDiagramB.jpg]







4. Erosion by wind:
· can pick up loose rock materials such as silt, sand and clay
· occurs mainly in deserts and beaches 
· [image: http://www.mccullagh.org/db9/1ds-4/sand-dunes-sahara.jpg]areas with little plant life
[image: http://www.cosmicharmony.com/Ia/NaturWnd/Sahara.jpg]









5. Erosion by Ice: 
· is caused by glaciers:
· a large mass of slowly flowing ice
· glaciers carry, push, moves, and drags sediments along with it
· acts as a sandpaper on other rock surfaces
· causes scratches or striations
[image: http://www.glaciers.pdx.edu/robin/images/Shot%20looking%20up%20glacier%20from%20Heliocopter%202.jpg][image: http://www.mrsciguy.com/sciimages/parallelscratch.jpg]







6. Erosion by Water:
· is the main agent of erosion in moist areas
· streams and rivers carry sediment loads







7. How do streams carry and transport sediments?
· smallest particles are carried in a solution
· suspended load
· [image: http://piru.alexandria.ucsb.edu/collections/geography3b/alphan/dissolved-suspended.jpg]flowing water rolls or bounces the largest particles











Practice Questions:







Part 5: Stream Velocity

1. The relationship of the size of the transported particle to water velocity is direct.
· Depends on the size of the water particles
· Larger particles need more stream velocity
[image: http://i1.ytimg.com/vi/UHAtv5J76FM/maxresdefault.jpg]





2. “Stream velocity” refers to the speed of the water flowing in a stream
· Determined by the slope and the discharge (volume of water)
· Can increase with an increase in water amounts – (flood)
· is a balance between the force of gravity pulling the water downhill and the frictional forces slowing the stream
[image: http://geoweb.tamu.edu/courses/geol101/grossman/Stream.profile.jpg]













3. Water in a stream will flow fastest near the center of the stream away from the stream banks and stream bed.
· [image: http://www.mrsciguy.com/sciimages/straightstream.jpg]Fastest flows – midstream just below water’s surface
[image: http://piru.alexandria.ucsb.edu/collections/geography3b/mkh/mkh16-06.jpg]






[image: http://www.cox-internet.com/coop/meander.gif]4. Streams with broad, flat valleys often develop S-shaped curves called meanders. 
· At bends in a river, the stream velocity swings out, causing more erosion on the outer bank
· The slowest moving water stays to the inside of the bend, causing more deposition
[image: http://www.mrsciguy.com/sciimages/curvestream.jpg]




A. Water for Stream Flow
1. During and immediately after precipitation, streams receive water from overland flow. 
· Even during dry periods, stream continue to flow

2. Streams and rivers to not respond immediately to rainfall. 
· Most rain falls on the ground and then runs off the land to reach a stream
· Time lag between rain and stream height - -flooding happens after the storm is gone

3. A watershed, or drainage basin, is the geographic area in which water drains into a particular stream or other body of water. 
· A divide, (usually a high ridge) forms a boundary for a water shed
· Pollution will remain within the watershed and drain towards streams
[image: http://www.mvn.usace.army.mil/pao/bro/MRivDrainageBasin.gif][image: http://www.water.ky.gov/NR/rdonlyres/79062A6F-90B9-4E5A-BCDF-A63251706704/0/what_is_a_watershed.gif]







[image: http://geology.com/state-map/maps/new-york-rivers-map.gif]4. The perimeter of a watershed is drawn by carefully drawing a line around the major stream and its tributaries. 









Practice Questions: 
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