Introduction to the Seafloor

Focus Question

What are the seafloor features?

Activity Synopsis

Using a map of the ocean floor, students are asked to observe and describe seafloor features.  The instructor is encouraged to stress to students that this is an observational activity, and that students are doing what oceanographers did in the 1950s and 1960s as we first began to have a "picture" of the ocean floor.  This activity is not intended to teach students how these seafloor features were formed, as it is designed to be the first in a series of three activities.  “Introduction to the Seafloor” should be followed by “Quakes and Plates” and “The Puzzling Plates.”  

Time Frame

One hour

Student Key Terms

Fracture zone

Ridge

Trench

Seamount

Volcanic Island

Teacher Key Terms

Arcuate

Linear

Objectives

The learner will be able to:

· Observe the various features of the seafloor depicted on a physiographic map of the ocean floor

· Identify ridges, trenches, seamounts, volcanic island chains and fracture zones

· Examine the geographic associations between features (i.e., those that are parallel to one another and those that are perpendicular to one another)

Fifth Grade Standards Addressed

Science Standards


IIIA1a,b,j; IIIA2b

Background

Relevant pages in Of Sand and Sea by Paula Keener Chavis and Leslie Sautter: pp. 1-6.

Key Points

Key Points will give you the main information you should know to teach the activity.

· The global ocean is geologically divided into four major ocean basins: the Atlantic, the Pacific, the Indian, and the Arctic Basins.

· The ocean floor is not simply a featureless, vast receptacle for sediment that has been eroded from the earth’s surface and transported seaward by rivers and streams.

· Mountainous ridges, trenches, and undersea volcanoes called seamounts occur on the ocean floor.

Detailed Information

Detailed Information gives more in-depth background to increase your own knowledge, in case you want to expand upon the activity or you are asked detailed questions by students.

From Of Sand and Sea:

The global ocean is geologically divided into four major ocean basins: the Atlantic, the Pacific, the Indian, and the Arctic Basins.  Although each of these ocean basins is consolidated into one global ocean, each differs in ways that make it a very distinct body of water.  They not only differ in surface area and depth, but they also differ in physical, chemical, and biological properties, such as temperature, chemical composition, and the types of living organisms they support.  Around the margins of some major ocean basins are semi-enclosed bodies of salt water, referred to as seas.  

The Pacific Ocean contains most of the water on earth, with about half of the earth’s water located in this one basin.  The Pacific Ocean not only contains the most water, but it is followed in surface area by the Atlantic and the Indian Ocean, with the Arctic Ocean being the smallest of the four ocean basins.  The Pacific Ocean is also the deepest of all the major ocean basins, with an average depth of 4,282 meters (14,049 feet).  The Indian Ocean has an average depth of 3,963 meters (13,003 feet), and the average depth of the Atlantic Ocean is 3,926 meters (12,881 feet).  The Arctic Ocean is the shallowest of all the major ocean basins, with an average depth of 1,205 meters (3,954 feet).

Because the major ocean basins differ in their physical, chemical, and biological properties, there are a variety of habitats found throughout them.  Some of these habitats, or specialized places where organisms live, are similar among the ocean basins, while others are quite different.  These habitats support wonderfully diverse assemblages of marine organisms.  Just as habitats may be similar, or quite different, among ocean basins, the organisms living in these habitats may also exhibit similarities to, or striking differences from, the organisms inhabiting other ocean basins.  Even though each major ocean basin has its unique characteristics, remember that each basin, along with its inhabitants, is part of one global ocean.

The ocean floor is not simply a featureless, vast receptacle for sediment that has been eroded from the earth’s surface and transported seaward by rivers and streams.  In fact, you will find many of the same topographic features seen on land located at the bottom of the ocean.  Mountainous ridges, trenches, and undersea volcanoes called seamounts occur on the ocean floor.  Some oceanic mountains extend above the ocean’s surface to form oceanic islands.  The Hawaiian Islands are seamounts that have grown above sea level.  When measured from its base on the seafloor, Moana Loa on the Island of Hawaii is actually one of the largest mountains on earth, comparable in size to Mt. Everest.

Just as the ocean has been divided into various zones for ease of classification and study, scientists have also divided the ocean floor into various sections.  Submerged edges of continents are called continental margins.  During the Ice Age over 18,000 years ago, the uppermost part of the margins, the continental shelves, were exposed to air.  At that time, large amounts of ocean water that today cover the shelves were locked in the polar ice caps and sea level was much lower.  Sea level may have been approximately 120 meters (394 feet) below the present level!  Ancient rivers carved deep valleys into the exposed shelves.  These valleys are now submerged and are known as submarine canyons.  They are found on many of the world’s continental shelves.

Continental shelves vary in width.  Off South Carolina and Georgia, the shelf is relatively wide (as much as 130 kilometers, or 80 miles) and dips very gently seaward to depths of 50 to 200 meters (164 to 656 feet).  Off the coast of Cape Hatteras, N.C., however, the continental shelf is much narrower, extending only 50 kilometers (approximately 30 miles) offshore; and the shelf is less than 10 kilometers (6 miles) wide along the southern Florida coast.  Worldwide, continental shelves extend to an average depth of 130 meters (426 feet).

The gentle slope of the continental shelf becomes more pronounced, or steeper with distance from shore.  This area of the ocean floor is known as the continental shelf break.  The continental shelf break meets an area of the ocean floor where the gradient, or slope, increases, referred to as the continental slope.  Most continental slopes are found at water depths from 3,000 to 4,000 meters (9,843 to 13,124 feet) in depth and continue seaward until the gradient becomes less pronounced.  This area seaward of the slope is known as the continental rise, even though the ocean floor continues to drop, or increase in depth.

The continental rise continues seaward to large expanses of broad and virtually flat abyssal plains, at depths of 3,000 to 5,000 meters (9,843 to 16,405 feet).  Abyssal plains are interrupted by ridges, trenches, and volcanoes.  Ridges are comprised of long chains of underwater mountains, ranging from 1,000 to 4,000 kilometers (621 to 2,486 miles) in width.  The Mid-Atlantic Ridge, which is located near the center of the Atlantic Ocean Basin, is the longest mountain chain in the world, extending from north of Iceland to the southern tip of Africa.

Procedures

Materials 

For each group of students:

· Physiographic map of the ocean floor ($5 from TASA Graphics, http://www.tasagraphicarts.com/)

· Large sheet of tracing paper (if not available, use plain paper)

· Pencil and eraser

· Four color pencils

For the teacher:

· Physiographic map of the ocean floor, large version of the same map, if possible

· Inflatable globe (optional)  (Note:  the globe needs to have a light colored ocean so that the pen marks will show)

· Transparency marker pens, four different colors (to write on the globe)

· Baseball or softball (optional)

Procedure

These instructions may be used for cooperative groups of students.  The teacher may lead the activity, posing the questions to the class as a guided inquiry.  Or, the teacher may wish to provide the questions on a separate sheet of paper for the students to read.  Generally, this activity works well for the entire class, if enough maps are provided for small groups to use together. Encourage all students to participate and have them place their hands on the map when locating the features.  To protect maps from being marked on, ask students not to use pens or pencils to point out features on the map.
Instruct students to do the tasks listed below.  Notes for the teacher are bulleted.  Remember that this activity is not designed to teach the formation of these seafloor features.

1.
Name and locate all of the continents.


• North America, South America, Africa, Eurasia, Australia, Antarctica

2a.
Identify linear (straight-line) and arcuate (curved-line) features on the continents.


• Mountain ranges, elongate lakes (e.g., in eastern Africa), Baja Peninsula

  b.
Identify the major mountain chains and trace them with your finger.


• Be certain to include the following: Andes Mountains (S. America), Appalachian Mountains and Rocky Mountains (N. America), Himalayas (northern India), Ural Mountains (Russia), and the Caledonian Mountains (on the coast of Scandinavia).

3.
Name and locate the four major ocean basins (major oceans).



• Pacific, Atlantic, Indian and Arctic Oceans.


• Note that oceanographers often refer to the North Atlantic and the South Atlantic Oceans, even though they are both part of one major ocean basin.

4. Locate the following seas: Mediterranean, Caribbean, Norwegian, Red, and Arabian Seas, plus the Gulf of Mexico and the Gulf of California.


• Note how linear the Red Sea and the Gulf of California are.

5.
Next, identify a variety of linear and arcuate features on the ocean floor.


• Locate examples of ridges, trenches, volcanic island chains, seamount chains, fracture zones, etc. 


• Note that some ridges have fracture zones nearby, others do not.

6a.
Find Iceland.  It sits on top of a mid-ocean ridge (the Mid-Atlantic Ridge).

  b.
Find several other mid-ocean ridges in the Indian and Pacific Oceans.


• Include the following ridges: East Pacific Rise and Juan de Fuca Ridge (Pacific Ocean), Southwest and Southeast Indian Ridges and the Carlsberg Ridge (Indian Ocean).


• Describe these mid-ocean ridges as underwater mountain chains. 

  c.
What type of seafloor feature is also found along mid-ocean ridges?


• Fracture zones are associated with mid-ocean ridges.  The ridge segments are offset from one another, along these fracture zones.

  d.
Find the Ninety East Ridge in the Indian Ocean.  How does it differ from mid-ocean ridges?


• The Ninety East Ridge is not broken into numerous ridge segments that are offset by fracture zones.  It is a very linear ridge.

7.
Trace the mid-ocean ridges with your finger, beginning at Iceland in the North Atlantic Ocean.


•
Compare this system of connected ridges to the seam of a baseball.  Show the baseball if you have one.


•
Using a transparency marker pen, draw the location of ridges on an inflatable globe.


•
Using a different color transparency marker pen, draw fracture zones perpendicular to the ridges on the inflatable globe.

8.
Is there a geographic association between ridges and fracture zones?


• Yes, fracture zones are typically perpendicular to ridge segments.  Ridge segments are offset from one another, with fracture zones between them.

9a.
Find several ocean floor trenches in the Pacific Ocean.  As you locate each, trace them with your finger.


• Locate the following Pacific Ocean trenches: Aleutian Trench, Kuril Trench, Japan Trench, Mariana Trench, Philippine Trench, Tonga Trench, Peru-Chile Trench, and the Middle America Trench (in Central America).


• Point out that the California coast of North America does not have a trench, but the continental margin is very steep (and may look like a trench on the map).  Also, there is a small trench (the Juan de Fuca Trench) off the coast of Washington state.


• Using a third color of transparency marker pen, draw the location of trenches on the inflatable globe.

10a. Find volcanic chains in the Pacific Ocean.  Some are above sea level (volcanic islands); others are below sea level (seamounts).


• Locate the following volcanic island chains: Aleutian Islands, the Kuril Islands (southwest of the Kamchatka Peninsula), Japan, and the Philippine Islands.


• Locate the following volcanic mountain chains (on the continents):  Andes Mountains, Sierra Madre (Central American), and the Cascade Mountains (in Oregon and Washington).

   b. Trace the volcanic chains with your finger.


• Using a fourth color of transparency marker pen, draw the location of volcanic island chains on the inflatable globe.

11.
Is there a geographic association between trenches and volcanic chains?


• Yes, volcanic island chains are usually parallel to nearby trenches.  


• Continental volcanic mountain chains are also parallel to the trenches located next to continents (e.g., the Peru-Chile Trench is associated with the Andes Mountains of South America; also the Cascade Mountains in Washington and Oregon are volcanoes that parallel the small Juan de Fuca Trench, just offshore).

12a.
Find the Hawaiian Islands.  What type of islands are these?


• The Hawaiian Islands are a chain of volcanoes.  

    b.
These islands form a chain of volcanoes, some of which are not above sea level (i.e., they are called seamounts).  Beginning at the big island of Hawaii, trace your finger along the chain.  In what direction is your finger moving?  What is the ridge called?


• Students should be tracing a path in the northwest direction.  This is the Hawaiian Ridge.

    c.
Is this the same kind of ridge as the East Pacific Rise?


• No, not at all.  This ridge is made up only of seamounts and volcanic islands.  It has no ridge segments and fracture zones.

    d. 
At around 170°E longitude, what happens to the volcanic chain?  What is this feature called?


• The volcanic chain “turns” north.  It is called the Emperor Seamount Chain.

    e.
Are there any trenches associated with and parallel to either of these two chains of seamounts and volcanic islands?


• There are no trenches parallel to either seamount chain.

    f.
Can you find other seamount chains in the Pacific Ocean?


• There are several, including the Nazca Ridge (adjacent to S. America) and the Louisville Ridge (northeast of New Zealand).

    g.
Find the arcuate Louisville Ridge, northeast of New Zealand and trace its orientation from west to east.  If you continue to move your finger in the same general arcuate eastward direction, what seafloor feature do you encounter that is also oriented similarly?


• The very large and arcuate Eltanin Fracture Zone appears to have the same orientation as the Louisville Ridge.

13a. Let’s take a seafloor tour around the Pacific Ocean.  Begin off the coast of Alaska, at the eastern end of the Aleutian Trench.  What arcuate feature is just north of this trench?


• Again, the Aleutian Islands are a volcanic chain parallel to the Aleutian Trench.

b.  With your finger, follow the Aleutian Trench westward until other linear or arcuate features are encountered.  Trace the trenches all the way to New Zealand.  On the way, make a brief stop at the Mariana Trench - the deepest spot on Earth at approximately 11 km (6.8 miles)!  Did you know that Mount Everest isn’t as tall as the Mariana Trench is deep?

c.  From New Zealand, follow the ridge system (East Pacific Rise) eastward to the Gulf of California, the very linear sliver of ocean between Mexico and the very linear Baja Peninsula.

   d. From the northern end of the Gulf of California, move across southern California, past Los Angeles to San Francisco, then northward to the small Juan de Fuca Ridge off the coast of Oregon and Washington.  This path is the trace of the San Andreas Fault.  It is neither a ridge nor trench, but is similar to a fracture zone that connects two ridge segments (the Gulf of California segment and the Juan de Fuca Ridge segment).

14.
Now you have completed your tour of the Pacific Ocean.  On a separate piece of paper (or, using tracing paper) re-draw the path you've just traced, labeling the features along the route.  Use the following symbols to identify different seafloor features:

Ridges and fracture zones:  ____________






     __|__|________







__|_|__________

Trenches:
| |

Volcanic islands:  

Volcanic mountain chains: ^ ^ ^ ^ ^ ^ ^

15a. Now let’s examine the Atlantic Ocean.  Where can you find trenches?


• There are very few trenches in the Atlantic Ocean.  The Cayman and Puerto Rico Trenches are found in the Caribbean, and the South Sandwich Trench is located in the South Atlantic (60°N, 20°W).

   b.
Can you find volcanic chains?


• The only volcanic chains are those associated with the trenches listed above, including Puerto Rico and the Virgin Islands.

   c. Can you find seamount chains similar to the Hawaii, Nazca and Louisville Ridges of the Pacific Ocean?


• Yes, but there are not nearly as many and they are fairly short.  The Walvis Ridge (off of Africa) and the Azores Islands are both chains of seamounts and volcanic islands.

16.
Make a chart that compares the abundance of trenches, mid-ocean ridges, fracture zones, volcanic island chains, and volcanic mountain chains of the Pacific and Atlantic Oceans. 

17.
Review the associations you’ve observed between ridges, trenches, volcanic island chains, seamount chains and continental volcanic mountain chains.  Give example locations for all of these associations.

18.
Continue with your exploration by doing the activity “Quakes and Plates,” followed by “The Puzzling Plates.”

Assessment

Use the student’s ability to identify major landforms and seafloor features to assess their understanding of the activity.    Also use the traced paper with ridges, fracture zones, trenches, volcanic islands, and volcanic mountain chains to assess their understanding.  Are the drawings thorough?  Are the seafloor features in the correct locations?
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Written by Dr. Leslie Sautter and revised with permission by TASA Graphic Arts, Inc.

Members of the COASTeam Aquatic Workshops development team include: Katrina Bryan, Jennifer Jolly Clair, Stacia Fletcher, Kevin Kurtz, Carmelina Livingston, Leslie Sautter, and Stephen Schabel.

From COASTeam Aquatic Workshops: Oceans (grade 5); a joint effort between the COASTeam Program at the College of Charleston and the South Carolina Aquarium – funded by the SC Sea Grant Consortium.
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