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Purpose


The purpose of this lab is to help you develop an understanding of the geologic processes that shape coastlines.
Lab Objectives

· To identify major coastal landforms and describe the geologic processes operating there.
· To observe the changes in a beach profile created by wave action.
· To observe the changes in a coastline produced by long shore current.
Materials

· Deep plastic tray to be used for wave tank and stream table

· Two six inch plastic rulers

· Sand

· Water

Write up


Your write up for this lab should include this handout along with your maps, sketches, and written observations for the three activities described in this handout.  Also make sure to answer all the follow-up questions contained in the handout.

Note on sketches and maps:


All your sketches and maps should be included in the same file as your write-up.  You can accomplish this in one of two ways.

· Draw your sketches by hand and then photograph or scan them.  Then take the digital photograph or scan and paste it into your write-up.  
· Draw your sketches with your favorite graphics program and then paste them into your write-up.
Background

A coastline is the interface between land and sea.  As such it is constantly being shaped and reshaped by a multitude of geological forces (waves, ocean currents, streams, mass wasting, etc.).  In this lab you will be introduced to theses forces and the coastal landforms that they produce.  

Coastal landforms

     Beaches are large deposits of sand or gravel that lie at the edge of a continent or island.    A beach may be as little as a few hundred meters in length or stretch unbroken for hundreds of kilometers.  A typical beach slopes gently (less than 5°) into the surf and is bordered on three sides by coastal cliffs, plains, or bays.    The shape and size of any given beach changes as waves and currents alternately erode and deposit sediment.     A stable beach is one that maintains a constant length, width, profile, and outline.  Stability only occurs when erosion and deposition happen at the same rate.  If erosion happens faster than deposition then the beach becomes narrower.  If deposition happens more rapidly then the beach becomes wider.  Along the coasts of Oregon and Washington, beaches go through seasonal changes as high-energy winter waves pull sand offshore.  During summer this state of affairs is reversed as low energy summer waves pushes the sand back up onto the beach (figure 1).  
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Figure 1 – Cross-sectional profiles of a typical Northwestern beach during winter and during summer.





Beaches that do not seem to be attached to land or extend outward from it are called Bars.   Like a beach, bars change in size and shape with the season.  A special type of bar, called a Spit, is a section of beach that projects out into a bay.  It does so because of a localized movement of water called a Longshore Current.   Longshore currents occur as waves strike a shoreline at an oblique angle.  As they do so incoming water carries grains of sand further up onto the beach.    As the water recedes it carries the grains back out into the surf.  Since the waves are striking at an oblique angle the individual grains of sand are carried along a zigzag path that results in a net movement of sediment and water parallel to the shore.  If there is a bay at one end of the beach the sand grains are carried out into it, creating a sand bar that grows across the mouth of the bar (figure 2).  
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Figure 2 – Development of a spit as from longshore current transport of sand.




Headlands are large masses of consolidated rock that project out from the surrounding coastline.     Steep cliffs that have little or no beach at their base characterize these features.  Like beaches, the variety of geologic processes that take place along coastlines are constantly altering them.  However, the rate at which they change is considerably slower than that of a beach because of their solidity.  One of the major forces causing this change are the waves that continually pound against the headlands.  As a wave strikes the base of a headland cliff it breaks rock off from it.  The rock falls into the surf where it tumbled by waves causing it to grind against the cliff, which loosens other rock.   This action breaks the rock down into sediment small enough to be transported and deposited on nearby beaches.  Because the waves striking the seaward side of a headland have more energy than those closer to shore, headlands eventually erode back until they are even with the surrounding shoreline. 


Headlands fall into the two general categories, capes and stacks.   A cape is a headland that is connected to the surrounding coast.  A stack is a portion of a headland that lies offshore.  The shape and proximity to shore of many stacks indicates that they may be the eroded remains of capes (figure 3).
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Figure 3 -  Cape and stack visible from Cape Foulweather Oregon lookout.




Bays are portions of the sea that extend inland and are bordered on at least three sides by land.  Since freshwater streams empty into many bays, they are often a place where freshwater and saltwater mix.  As we’ll discover in later labs they are often home to highly diverse and abundant communities of marine life, as well as an important economic resource.  

Bays fall into two general categories on the basis of their shape and origin.  The first of these, estuaries, are bodies of water bordered by coastal plains and fringed by extremely productive wetlands.   Estuaries have at least one river or coastal stream flowing into them and have a narrow mouth that opens into the sea.  The shape of their shoreline, as well as the surrounding seafloor indicates that estuaries are essentially ancient river valleys that flooded as sea level rose or the coastline sunk.

The second type of bay, a Fjord, is a deep bay surrounded by steep mountains that have narrow coastal plains and/or beaches along the shoreline.  The shape and their occurrence at high latitudes indicate that these features are ancient glacial valleys that flooded as the glaciers in them retreated and sea level rose (figure 4).
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Figure 4 – The image on the left is Gray’s Harbor, an estuary in west-central Washington State.  The image on the right is a Fjord located in southeastern Alaska.  Images produced using Worldwind Java with Landsat imagery.



Method

This lab is divided into three parts.  In the first part you’ll be looking at sections of the Oregon coast to identify major coast features.  In the other two parts of this lab you’ll be modeling sediment erosion, transport, and deposition along beaches.
Part 1 - Recognizing coastal land forms


For the first part of this lab you’ll be examining some coastal features for sections the Oregon Coast and Alaska coastlines.  The maps that you’ll need for the activity you will find on-line in the module “Coastal Features and Processes”.  The instructions for viewing the maps are included at the beginning of the module.  What you will be doing with each map in the module is to answer the following questions.

1. What types of coastal features appear in each colored section? Refer to the background portion of this handout for a listing of types of coastal features.  

2. What type of material (rock, gravel, sand, or mud) is dominant in each section?

3. What surficial processes are active in each section? Identify some specific places where these processes would be active and how they operate.

Part 2 – Wave erosion and deposition of beaches                                                                                                                                                               

For this part of the lab you’ll be using a model of a sandy beach to observe how wave erosion changes the profile of this beach over time.   Your model will consist of a sand and water filled wave tank in which you create a beach and then observe how waves of different intensities alter the beach for a fixed time interval.

Trial 1:

Setup the wave tank as shown in figure 5a.  After your setup is complete start generating waves by gently bobbing the wave paddle up and down at the “ocean” end of the tank for five minutes.  At the end of this interval, stop and make a side view drawing of the tank that looks like figure 5a, but draw a second beach profile on the figure that shows the profile at the end of trial 1.
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Figure 5a – Side view of the wave tank at the beginning of trial 1 (Time – 0 minutes)

	Paste your sketch here your sketch of the wave tank at five minutes here

Figure 5b – Side view of the wave tank at the end of trial 1 (Time – 5 minutes)


Trial 2:


In this second experimental trial you’ll be repeating what you did in trial 1, but you will be making waves more vigorously.  Before beginning this trial setup the wave tank as shown in figure 6a.  Also before you begin making waves for the write down a hypothesis in the space provided in which you’ll speculate how the beach profile at the end of trial 2 will look differently than it did at the end of trial 1.  Make sure to give your reasoning.

	Hypothesis (How will the beach profile at the end of trial 2 look different from trial 1?):



	Reasoning (What you based your hypothesis on):
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Figure 6a – Side view of the wave tank at the beginning of trial 1 (Time – 0 minutes)

	Paste your sketch of the wave tank at five minutes here

Figure 6b – Side view of the wave tank at the end of trial 1 (Time – 5 minutes).


Follow-up questions:
1. During both trials 1 and 2 where was sand being eroded and where was it being deposited?

2. As sand grains moved from one part of the tank to the other how did they move?  In other words describe the path that they followed.

3. How did the beach profile at the end of trial 2 compare to the profile at the end of trial 1?

4. If the profile was different at the end of each trial, how did the difference in wave intensity create the difference in the profile?

5. How did your hypothesis compare to your results?

6. Given that most waves are a by-product of off-shore storms and that these storms tend to be more frequent and more intense during winter, which trial do you think models a beach during summer?  Which trial tends to model a beach during winter?

Part 3 – Erosion and transport via long shore currents                                                                                                                            


In the final section of this lab you’ll be modeling sediment transport caused by longshore current.  You model will consist of a stream table filled with water and sand in which you’ll create two different beaches and determine how similar longshore currents will alter these beaches during a fixed time interval.

Trial 1


To begin this experiment set up the stream table (your deep plastic tray filled with sand and water) as shown in figure 7a.  After you have done so being making waves by gently sweeping your ruler back and forth across the surface of the water at the “ocean” end of the tank.  Continue doing this for five minutes.  At the end of the five minutes, redraw figure 7a showing the change in the shoreline.  Label where the most erosion has taken place and where the most deposition has taken place.
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Figure 7a – The stream table at the beginning of trial 1 (Time – 0 minutes)

	Paste your sketch of the stream table at five minutes here

Figure 7b – The stream table at the end of trial 1 (Time – 5 minutes). 


Trial 2


Set up the stream table as shown in figure 8a.  Once you have completed your setup, make waves for five minutes and then redraw figure 8a.  But before you do write down a hypothesis for how the shoreline will look different at the end of trial 2 and give your reasoning for your hypothesis.

	Hypothesis (How will the shoreline at the end of trial 2 look different from trial 1?):



	Reasoning (What you based your hypothesis on):
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Figure 8a – The stream table at the beginning of trial 1 (Time – 0 minutes)

	Paste your sketch of the stream table at five minutes here

Figure 8b – The stream table at the end of trial 1 (Time – 5 minutes). 


Follow-up questions:
1. During both trials 1 and 2 where was sand being eroded and where was it being deposited?

2. As sand grains moved from one part of the tank to the other how did they move?  In other words describe the path that they followed.

3. How did the shoreline at the end of trial 2 compare to the shoreline at the end of trial 1?

4. Why do you think the shoreline was different between the two trials?

5. How did your hypothesis compare to your results?

6. Trial 2 is an example of what coastal property owners on the eastern coast of the United States often do to stabilize their beachfront property (keep it from eroding away).  These property owners will have rock jetties called groins built on the “down current” side of their property to catch sands being transported by longshore current.  Based on your observations from trial 2, how might this create a problem for property owners further down current?
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