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Purpose:


This lab is designed to help you become familiar with both bathymetric maps and the geography of the seafloor adjacent to Oregon and Washington.

Lab Objectives:

· To determine the longitude and latitude of four cities in the Pacific Northwest.

· To draw three topographic profiles of the ocean basin adjacent to Oregon and Washington.

· To locate and describe 12 major seafloor features in this basin.
Write up:


Your write up for this lab should include this handout with all the tables and figures completed.  Answer all questions asked in this handout in complete sentences.  You may either edit an electronic copy of this handout to do this or hand in a hard copy with tables and figures completed by hand and questions typed on separate sheets of paper.  Do NOT hand write answers to questions in the margins of this handout or on the back of handout pages.  This is very hard for me to read.
Background:


In this course we’ll pay special attention to the oceanography of the Pacific Northwest.  There are two reasons for this.  First, focusing in on the local marine environment can make oceanography much more tangible and interesting, especially when you can actually go and visit it.  Second, our little section of the Pacific Ocean is extremely diverse making it a good starting place for understanding the rest of the world’s oceans.  In this lab we’ll start our exploration of Pacific Northwest oceanography by learning how to read bathymetric maps, identifying major types of seafloor features, and becoming familiar with the geography of our local seafloor.

Bathymetric maps


A bathymetric map is a depiction of the bathymetry or shape of the sea floor.  They generally do so using a series of contour lines, which are imaginary lines of equal elevation.  In this lab, contour lines below mean sea level are labeled with negative numbers.  Many bathymetric maps use positive numbers, which can be confusing for novices since contours with lower numbers are shallower than those with higher numbers.   In this lab, depths are written in meters that is a standard measurement of length in most of the sciences, as well as much of the industrialized world.  One meter  (m) equals roughly 3.28 feet.  Another unit of length that you’ll encounter in this lab is a kilometer.  One kilometer (km) is equal to 1000 m or approximately 0.62 miles (mi).
In addition to showing depth, bathymetric maps also show position.  In oceanography, position is most frequently written as longitude and latitude.  While latitude represents location north or south of the equator, longitude describes position either east or west of the prime meridian (a line of longitude that runs from the North to the South Pole through London England).  In both instances the primary unit is a degree.  In the case of latitude, latitudes north of the equator range from 1° to 90°N (the North Pole), while latitudes south of the equator range from 1° to 90°S (the South Pole).  For longitude, longitudes east of the prime meridian range from 1° to 179°E, while those west of the prime meridian range from 1° to 179°W.  The latitude line of 180° is on the opposite side of the globe from the prime meridian.  For both longitude and latitude, degrees are subdivided into minutes (60’ = 1°) and seconds (60”=1’).  In this lab we’ll be writing latitude and longitudes in degrees and minutes.  Important – Whenever you identify a position in longitude and latitude, make sure to add N or S to the latitude and W and E to the longitude, otherwise your reader won’t know what hemisphere that you’re talking about.
Seafloor features


Like the continents, the seafloor contains numerous mountain ranges, expansive plains, plateaus, valleys, and canyons.  Generally the seafloor is divided into two regions, continental margins and deep ocean.  The margins are actually parts of the continents that extend from the coast underwater to depths of 4000 to 6000m.  From the coastline, the margin drops gently to a depth of 200m (continental shelf) and then drops more steeply into the deep ocean (continental slope).  As you’ll find out in this lab, the margins are dissected by deep canyons and bordered by large deposits of sediments called submarine fans.    


Deep ocean is essentially the rest of the seafloor beyond the margins.  Up until the mid 20th century, much of the deep ocean was thought to be flat and featureless.  With increased exploration of this area, we’ve discovered that the largest mountain ranges and deepest canyons and trenches in the world lie below sea level.    In this lab you’ll look at three types of undersea mountains, mid-ocean ridges, seamounts, and submarine ridges.  Refer to your text to find out more about these.  You’ll also be looking at some large flat areas called abyssal plains.   Though these areas are often described as flat and featureless, you’ll discover that the abyssal plains and basins in our local ocean are far from featureless.
The Pacific Northwest Ocean Basin

The section of the Pacific Ocean that we’ll spend a lot time looking at in this course extends from approximately 40 to 51°N latitude and extends nearly 500 km west of the Oregon / Washington coastline.  It’s a part of the Northeastern Pacific Ocean that has some of the most diverse and interesting submarine geography and geology of anywhere in the Pacific.    

Method


To start this lab, launch the program “Marine Geography of the Pacific Northwest”.  The title screen of the program will explain what it is, what it does, and how to operate it.  Once you’ve finished reading the introduction, click on the phrase “click here to start this program” written in the lower left hand corner of the screen.  A bathymetric map of the Pacific Northwest ocean basin should appear.

Part 1 – 
Determining the longitude and latitude of eight major cities in the Pacific Northwest

1. Select the “Lat/long grid” from the “Main directory” to the right of the map.  This should overlay onto the map a grid for determining longitude and latitude.

2. Next, select “Continental” from the “Features Directory”.  Eight cities will appear beneath the grid.

3. Use the grid overlay to determine the longitude and latitude of each city.  The instructions for doing this are written on the screen next to the grid.  Click on “Example” for more information.  Record your results in Table 1.  

Table 1A – Longitude and latitude of eight major Northwest Cities

Write your latitudes and longitudes in degrees and minutes.  For instance the location of Cape Flattery should be written as 48°35’N (latitude) and 124°55’W (longitude).

	City
	Latitude 
	Longitude
	City
	Latitude
	Longitude

	Victoria BC
	
	
	Portland, OR
	
	

	Vancouver BC
	
	
	Salem, OR
	
	

	Seattle WA
	
	
	Newport, OR
	
	

	Astoria, OR
	
	
	Coos Bay, OR
	
	


Part 2 – Locating and describing major seafloor features.

1. Describe the location of each of the seafloor features listed in Table 2A by first selecting “Lat/long grid” from the main directory.  Then show the features by selecting them from the features directory.  To describe each feature’s location list it’s Northern and Southern most latitudes in Table 2A, as well as its western and eastern most longitudes.

2. Describe the depth of each of the features by selecting “Elevation” from the main directory and then selecting the features from the features directory.  Scroll across the color-coded elevation scale to highlight each of the map contours.  List the maximum and minimum values of the contours that appear within each feature.  Record this information in Table 2A.

Table 2A – Location and depth of seafloor features in the Pacific Northwest section of the Pacific Ocean

	Features
	Location
	Depth (m)

	
	Northern

latitude
	Southern

latitude
	Eastern

longitude
	Western

longitude
	Min
	Max

	Continental shelf


	
	
	
	
	
	

	Continental slope


	
	
	
	
	
	

	Astoria fan


	
	
	
	
	
	

	Nitnat Fan


	
	
	
	
	
	

	Cascadia Basin


	
	
	
	
	
	

	Gorda Basin


	
	
	
	
	
	

	Gorda Ridge


	
	
	
	
	
	

	Juan de Fuca Ridge
	
	
	
	
	
	

	Blanco Fracture Zone
	
	
	
	
	
	

	Mendicino Fracture Zone
	
	
	
	
	
	

	Cobb sea mounts


	
	
	
	
	
	


Part 3 – 
Drawing Topographic profiles of the seafloor at 48°, 45°, and 41°10’N latitude.
1. Select “Distance/profiles” from the “Main Directory”.  Three profile lines with rulers should overlay onto the map.  Each line accesses a bathymetric profile drawn along a line of latitude.  The instructions written in the upper right quarter of the screen will tell you how to access these profiles.

2. Begin with profile line A.  Click on the green arrow at the left end of the profile line.  Duplicate the profile in Figure 3A.  Complete the Figure by marking the position of the coastline, continental shelf, continental slope, Nitnat Fan, Cascadia Basin, and Juan de Fuca Ridge.  To locate each of these select these features from the “Features directory”.

3. After you have finished with line A, select line B.  This is an unfinished profile.  Complete it by copying each of the vertical lines in the profile at the appropriate locations in Figure 3B.  Then connect the top of the lines to represent the elevation of the surface.  Once you have done this you should have something that looks like the profile draw for line A.  Finish the profile in 3B by marking the position of the coastline, continental shelf, Cascadia Basin, and the Juan de Fuca Ridge.

4. Finally, select line B.  Draw vertical lines at each of the contours in the appropriate locations on Figure 3C.  Then complete the profile like you did for in Figure 3B.  Once this has been accomplished, mark the location of the coastline, the continental shelf, the continental slope, Gorda Ridge and Gorda Basin on the profile.

[image: image1.wmf]
Figure 3A – Graph for drawing a bathymetric profile at 48°N latitude (line A)

[image: image2.wmf]
Figure 3B – Graph for drawing a bathymetric profile at 45°N latitude (line B)

[image: image3.wmf]
Figure 3C – Graph for drawing a bathymetric profile at 41°10’N latitude (line C)

Follow up questions: 

1. How wide is the continental margin at each of the three profile lines?

2. At which line is the slope the steepest?

3. How does the Gorda Ridge compare to the Juan de Fuca Ridge in terms of size and shape?

4. How far is the coast, the seaward edge of the continental shelf, the bottom of the continental slope, and middle of the Juan de Fuca Ridge from Portland?

Part 4  - Examining and interpreting selected seafloor features


In the final part of this lab you’ll be looking at some of the features that you looked at in parts 2 and 3 in greater detail.  To do this select “Magnify” from the main directory and then click on one of the sections of the ocean designated by the green rectangles.  When you select a section you get an enlarged bathymetric map of that area.  With each map you can identify major features within the area, determine the depths of these features, and view bathymetric profiles and 3D views of each area.  Use these enlarged maps to answer the following questions.

1. How does the continental margin adjacent to Washington and north Oregon compare to the margin adjacent to the southern Oregon Coast?

2. Numerous submarine canyons like the Astoria canyon cut across the continental slope and margin.  What is the probable origin of these canyons?

3. Both the Astoria and Nitnat Fans are large fan shaped deposits of sediment located at the base of the continental slope.  How could these have formed?

4. Where is the Cascadia Channel and what is distinctive about it?  What might have formed it?

5. Both the Juan de Fuca and Gorda Ridges are mid-ocean ridges.  What does this mean?

6. How does the shape of the Juan de Fuca Ridge compare to that of the Gorda Ridge?  Use the bathymetric profiles to answer these questions?

7. How far does each ridge rise above the neighboring abyssal plains?

8. How do the submarine ridges compare in terms of shape and size to the two mid-ocean ridges?

9. What is distinctive about the Cobb Seamounts?

10. Do you find any other seamounts in any of the other sections?  How do they compare to the Cobb Seamounts?
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