The Shape of Ocean Basins and the Bathymetry of the Sea Floor

Summary:  In the ocean, the shape of the sea floor varies based on physical, geological, and biological processes that occur on different temporal and spatial scales.  In turn, the shape of the sea floor controls the physical and biological processes that happen there.  For example, currents and tides are largely controlled by the overall shapes of the ocean basins, as well as by the smaller scale shapes of ocean ridges and seamounts.  Similarly, biological processes are controlled by ocean depth and terrain.  In this activity, we explore the ocean basins and the sea floor and discuss the different processes that influence their shapes, and how their shapes may influence different processes.  We compare various ways of mapping the sea floor, focusing mainly on ship-based measurements and satellite altimetry data.

Objectives:
· Compare and contrast different methods for mapping the sea floor
· Use satellite data to explore the shape of the sea floor
· Describe the basic pattern of sea floor bathymetry
· Compare various ocean provinces (continental margins, deep ocean basins, etc.) and describe what processes control the shape of the sea floor in different regions
· Hypothesize different ways in which the shape of the sea floor may impact physical and biological processes
This activity has been designed for an introductory oceanography course where much of the background geology has been minimized (students are referred to the introductory geology courses for this) – hence some of the more detailed geology background given in the activity (since students probably won’t have had this.  This activity has a main learning goal of getting students not only to understand the basic shape of the sea floor and continental margin regions, but also to relate these shapes to ocean processes (physical and biological).  Most of this activity would be best accomplished in small groups. Part 3 could easily be done as homework if not enough class time exists; Part 1 and part 2 are probably best performed in a classroom where discussion can help guide students in their understanding. 

Background:  This has all been cut out to save space – please refer to the student handout. 

Part 1: Using Satellite Altimetry Data to Map the Sea Floor
Part 1a: Comparing Ship-based Measurements to Satellite Data
RECOMMENDED: Put the students in groups of 3-6 to do this first part, and allow them 10 minutes or so to examine the maps and answer the questions. Then, get together as a class and discuss the similarities and differences between the different map types, and especially question 3b.

1.  Examine the top two panels.  How does the ship-based map compare to the satellite map?  List at least 5 similarities or differences.
Smoothness, detailed ridging on seafloor, small islands or seamounts not present in ETOPO5 map, ride at 53S, 140W not shown on ETOPO5 map, you don’t see the same rugged topography of the of elongated ridges and fracture zones from ETOPO5 map, maps are similar in general patterns though, etc. 

2.  Compare the ship tracks (bottom) to the maps.  What do the ship tracks appear to focus their mapping efforts on?  How might this affect the maps created from this type of data?
Ship tracks follow most distinct features, indicating that ship-based measurements probably focus disproportionately on some areas that are deemed interesting for some reason or other (science, geology resources, etc.); ship tracks are not uniform and clearly not created with the intention of making maps!

3.  Again examine the top two panels.  The top panel based on ETOPO5 lacks the topographic expression of a 400 km long northwest-tending ridge at roughly 53S, 140W, minimum depth 135m.  This ridge was first surveyed by a French expedition in December 1995.
a.  Why do you suppose this feature is not captured in the ETOPO5 map?
Probably because the lack of ship-based measurements in the region

b.  Why is defining this type of feature in oceanographic maps important for predicting the physical oceanography and biological processes of the region?  Give an example.
Ex. It greatly impacts flow of the Antarctic Circumpolar Current


Part 1b: Comparing Satellite Data to Predicted Topography
This background should give the students a good background for how difficult/complicated it is to use satellite data and some of the other issues (money, uncertainty) associated with using this kind of data.  Feel free to supplement with a flow-chart, or a general discussion on pros and cons of using satellite data.

1.  The image (see attached: “Image for Part 1b”) shows gravity anomalies (left) computed from satellite altimetry data, and the predicted topography of the sea floor (right) deduced from these gravity anomalies. 
1a.  Describe (briefly) at least 3 differences between the two images. What patterns do you see in these differences?
Bottom left corner, all the swirling in right middle, large section of smooth light blue in right panel looks much more varied in left panel, etc.

1b. Why do you suppose the maps are different?  Suggest at least 2 reasons based on what you read above.
Waves or other surface features, poor satellite calibration, bad algorithms, improperly relating differences in sea surface height to gravity differences (i.e., differences in lithospheric densities can cause gravity differences, which may influence 

2a.  In general, how do the satellite-generated maps compare to the maps created from ship-based measurements? 
Any answers probably okay – looking for them to say the are similar, but the satellite maps seem more comprehensive, more “rough”, etc.

Given all the complications described above, which type of map would you rather use to if you were…..
A sailor?  
A submarine captain?  
Looking for marine resources?  
A scientist modeling ocean circulation?  
Again, anything goes. Looking for students to be able to weigh pros and cons of using satellite data in a real-world type setting. For example, do you need the most complex map if you’re just sailing vs. actually navigating the sea floor? Also, models may be complex or not, etc….and sometimes the simplest solution is best.
2b.  What other issues can you think of for using satellite data to map the sea floor? 

Certain features might not be mapped right, many factors may influence the calculations, would be better if combined many sources of data, etc.


Part 2: Exploring the Sea Floor: Continental Margins
[image: ]
This section uses Google Earth bathymetry map to explore different features on the sea floor. It is fun to play around with, so don’t hesitate to let the students explore, but I recommend doing this section ahead of time to make sure the map loads right and you understand what the students are seeing. Anticipated questions include describing some of the more complex features on either shelf (multiple submarine canyons, large meanders on Atlantic coast, etc.).
Download Google Earth Bathymetry map at: http://www.ngdc.noaa.gov/mgg/global/relief/ETOPO1/tiled/ice_surface/etopo1_ice_surface.kmz
Other maps: http://www.ngdc.noaa.gov/mgg/image/seafloor.html
http://www.ngdc.noaa.gov/mgg/coastal/coastal.html

1.  Use the Google Earth map above to compare and contrast the continental margins of the east and west coasts of the United States.  The table below indicates which properties you should make sure to consider in your description of the different margins (you don’t have to answer every question).  The “ruler” function will be useful (might help to turn off “Mouse Navigation”) for determining width.
	Compare and Contrast…
	East Coast USA
	West Coast USA

	Continental Shelf 
Consider the following: Which is wider? What is the general shape of the shelf? Are there many canyons or other physical features? How does the shelf end – is there an abrupt transition?



	Wide shelf, cut by submarine canyons; at the base of the shelf lies massive hills of sediments forming the continental rise; no plate boundary here
	Narrower shelf, has been broken by earthquakes; Cascades indicate convergent plate boundary (a trench would indicate subduction)

	Active or Passive Margin?
	Passive
	Active

	Other Observations
Consider the following: Is there a definite continental rise? What do you observe about the continental slope? Are these features easy to distinguish? Which features are most important for helping you describe the continental margin?
	
	



2.  Can you see a more of a difference between the rise and the slope more on one coast vs. the other?  Does this make sense given the observations you made above? Why or why not?
Rise – East coast, because it is passive, meaning low tectonic activity and lots of time for sediments to accumulate;

Slope – West Coast, lots of tectonic activity that would serve to disrupt smoothness of slope, as well as disrupt sediment accumulation

3.  Explore the Google Earth sea floor map.  Where on Earth are the widest continental shelf regions located?  List 2 of the widest shelf regions, and indicate why they are likely so wide.
South America – because very old sea floor; bering strait, because was land recently (last ice age), Indonesia for similar reason. Antarctica – lots of sedimentation, low tectonic activity, etc.


4.  What processes are most important in determining the physical features of continental margins?  Suggest at least one process for each feature (shelf, slope, rise).  
Sedimentation, tectonic activity, wave action, erosion, ice ages, gravity flows (turbidites or river-like features that cut submarine canyons), etc.


5.  How might the physical features of the continental margin region affect ocean currents and circulation in the area?  How might ocean currents affect the physical features of continental margins?  Suggest 2-4 ways for both.

Roughness greatly increases turbulent mixing; canyons funnel currents and disrupt smooth flow; a wide shelf would have different circulation patterns than a narrow shelf; location of shelf break important for determining mixing and upwelling; steep slopes vs. more gradual slopes would have different flows and affect circulation differently; etc.
Could also ask question on why the continental shelves mimic the shape of the coast and land topography so well.

Part 3: Exploring the Sea Floor: The Deep Ocean
This part also uses Google Earth and is largely an way for students to 1) get acquainted with the general features of the deep sea, and 2) critically think about how these features may be important in influencing ocean processes. Many of the answers below aren’t given simply because it will depend on where exactly students place their profiles as to what features they will discover.  Encourage them to skim some of the details for the sake of time as long as they focus on the most important features (mid-ocean ridge in Atlantic, seamounts in Pacific.  The idea of sketching a profile came originally from the textbook cited in the references section.

Google Earth Bathymetry map at: http://www.ngdc.noaa.gov/mgg/global/relief/ETOPO1/tiled/ice_surface/etopo1_ice_surface.kmz

1a.  You travel in a submarine from New York to Spain.  Use the Google Earth map “etopo1_ice_surface.kmz” to explore your route.  Describe your journey.  What general features do you encounter?  What is the maximum depth reached?  Minimum depth?  Use the ruler tool to give an approximate length of your trip.

Roughly 5800 km distance

1b.  Sketch a simple profile of your journey showing each major bathymetric feature.  Label each feature (you don’t have to know their proper names, but it may help your understanding) and include a depth scale.  (It may help to make depth readings every 100 km or so to get a good profile.)


2a.  On your next trip, you travel by submarine from Japan to Baja, California.  Again, use the Google Earth map to explore your route and describe your journey, including all the major bathymetric features you encounter and the min-max depths.

2b. Sketch a simple profile of your journey showing each major bathymetric feature.  Label each (you don’t have to know their proper names, but it may help your understanding) and include a depth scale.

3.  How do your profiles differ in the horizontal scale?  What features are more prominent in your Pacific route than in your Atlantic route?

4.  Describe 2-3 ways in which the different features you found on your routes may impact ocean circulation and biological processes.  For example, it was discussed above how ridges may cut off one ocean basin from another, preventing the transfer and flow of water and marine organisms between basins.  Try to relate your answer to some of the different things we have been discussing in class (for example, the CCD, thermohaline circulation, etc.).

References: Duxbury, A., et al., An introduction to the World’s Oceans Sixth Edition, McGraw-Hill, 2000; Thurman, H., Introduction to Oceanography Seventh Edition, Macmillan Publishing Co., 1994; and the various websites listed throughout this exercise, especially the data and links in NOAA’s National Geophysical Data 
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