Geology 12



Streams
Unit 4 – Lesson 4

Rivers are the major geological agents acting on the land surface.  As they erode bedrock, and transport and deposit sediment of all sizes, they continuously reshape the landscape.

Erosion by Streams

· Erosion of soft, unconsolidated material is easy to see

· Sand and pebbles carried by a stream can abrade (wear away) solid rock.

· Chemical weathering can also weaken rocks in streambeds, and the crashing of boulders and abrasion by sand can break up the rocks even further.

· Undercutting of waterfalls can lead to rapid erosion as the falls work their way upstream. (example: Niagara Falls)

[image: image4.jpg]As the water moves downstream it caties rocks and
boulders over the edge of the water fall. These rocks
abrade any rock they hit as they fall. This abrasion
can cause the formation of a plunge pool (1) and can
undercut the cliff face below the waterfall (2).






Sediment Transport

Streams can transport material in three ways:

1. Solution – materials dissolved in the water.

2. Suspension – material suspended (floating) in the water.

3. Bedload – material sliding, rolling or bouncing along the bottom

· Sand grains move by saltation (jumping)

· Sand grains transported by saltation form cross-bedded riplles. Grains are eroded on the upstream side, and deposted in the slower mvong water on the downstream side.  As a result, the entire ripple moves slowly downstream.
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As the velocity increased, the amount of suspended sediment and bedload increases.  The water is able to carry more and larger suspended material and push larger pieces farther along the bed.  Oppositely, as fast water slows, the heavier particles are dropped first, while smaller pieces remain in suspension.  Sediments dropped by streams are well-sorted by size or density.  Materials deposited at a given point tend to be similar in size and weight.

· Where velocity slows suddenly as a stream flows into a slower river or a valley, larger amounts of sediment will drop, forming an alluvial fan (p 348)

· If velocity drops to zero as the stream enters the ocean or a large lake, a delta is formed (p 347). 
Valleys

· Valley – the entire area between the tops of the slopes on both sides of the river.

· Channel – the trough through which the water runs.

· Floodplain – a flat area about level with the top of the channel that is flooded when the river spills over its banks.

· V-shaped Valley – mountainous areas; active cutting of bedrock (waterfalls); typical of tectonically active, newly uplifted highlands, little or no floodplain.  Often referred to as a ‘young’ stream.

· Wide and Flat Valley – lowlands; tectonic uplift long finished, erosion of the valley walls is helped by chemical weathering and mass wasting; wide flood plain.  Typical of a ‘mature’ stream.

Channel Patterns

· Straight

· Meanders (p 344-345)

· Bends and curves in a stream.  

· The result of variations in water velocity.

· Maximum velocity and erosion occur on the outside of a curve

· Minimum velocity and deposition of point bars, occur on the inside of a bend.

· Meanders may migrate and cut off portions of a channel forming oxbow lakes.

· Braided streams (p 343-344)

· Multiple channels splitting and rejoining.

· Forms in rivers with large variations in volume of flow combined with a high sediment load and easily erodible banks.

Flood plains (p 345)
· High water overflows the river channel, carrying sediment with it.
· As the water spreads out and slows, in loses its ability to carry the sediment.

· The heaviest, coarsest sediment (sand and gravel) is deposited close the river banks of the channel, creating natural levees or dikes.

· When floods breach these levees, finer sediment (silt and mud) is carried across the entire floodplain.

Discharge

· A stream’s discharge is the volume of water that passes a point in a given time.

· Discharge = (cross sectional are) x (velocity of flow)

(width x depth)
· To increase discharge, either the cross-sectional area, or the velocity (or both) must increase.  Think of a garden hose; the cross-sectional area cannot change, so increasing the flow means increasing the velocity.

· Velocity is also affected by the slope of the channel (gradient) and the roughness of the bed.

Gradient

· Over geologic time, as streams erode high points and deposit sediment in low points, they tend to form the same longitudinal profile.
· Human activity or geological effects can change this profile (see p 356).
[image: image3.png]Altitude above
sea level ()

Distance from headwaters (k)




Floods (p 349-350)
· A flood is an extreme case of increased discharge which results when input exceeds output.  Flow velocity increases, and the channel fills until water spills over the banks. (stream exceeds bankfull stage)

· Small floods are frequent, larger ones occur less frequently
· How often floods occur depends upon the climate, the size of the channel, and the width of the floodplain.

· Risk of flooding may be modified by:

· Rapidity of snowmelt in the spring

· Permeability of the soil (saturated or frozen soil has none) changes the infiltration rate (the rate that water soaks into the soil).  

· Topography – steepness of the terrain.

· Vegetation – slows surface runoff, makes soil more permeable.

· Human development can affect severity

· Paving over land reduces permeability, increasing amount of surface runoff.

· Construction and fill on floodplains reduces the volume available for water, resulting in higher flood levels.

· City storm sewers funnel runoff into streams more quickly increasing flooding.

· Attempts to reduce floods may or may not be successful

· Retention ponds

· Divert the stream into some sort of large holding basin like a diked field or old quarry.

· Can be relatively cheap.

· May eventually fill with sediment.

· Upstream dams

· Can alter the geometry of the channel by changing normal flow rates.

· Will eventually fill with sediment (silt up) – dredging and disposal is a problem.

· Reducing sediment flow can cause erosion downstream.

· Changing channels (diversion channels)

· Increasing flow can reduce flood threat upstream while increasing it downstream.

· Reducing flow can reduce flood threat downstream while increasing it upstream.

· Artificial levees

· If the levee is breached, water may be retained behind it even after the river level drops.

· Sediment can not be spread across the flood plain, so it is deposited in the channel.  After many years the level of the river bed can be raised above the level of the floodplain creating the potential for a truly disastrous flood if the levee is breached.

· Since water does not spread across the floodplain, more water flows downstream, increasing the downstream flood threat.

Read p 335-345, 346 (Floods), 347 (deltas), 348 (alluvial fans)
Assignment: Stream Questions (hand-out)
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Name: __________________ Stream Questions

1. How is it possible for a meandering stream to erode laterally, and yet maintain a more or less constant channel width?

2. How do alluvial fans and deltas compare and differ?

3. Describe how a point bar and a natural levee develop.


4. On this drawing of a stream indicate where erosion will occur, and where deposition will occur.  

5. Although waterfront property is nice, where should you avoid building your dream home?  Why?

6. What is the difference between a young stream and a mature stream?  (Draw a cross section of both streams to show the difference)

7. What happens to a waterfall over time and why?

8. Draw the formation of an oxbow lake in a series of steps.

