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Elevation, p. 1
 OSCI 7-10Earth Science Teacher Institute
 Elevation: Topography and Bathymetry
 Early History of Plate Tectonics

Page 2
                        

Elevation, p. 2
 Goals and Objectives
 • Define topography and bathymetry• Consider questions about the elevations of
 continents and the ocean floor• Understand what methods were used
 historically and are used today to determine the topography of the earth
 • Understand the connection between elevation/bathymetry and the theory of plate tectonics
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Elevation, p. 3
 • Think about a question• Think about devising a method and collecting
 data to try to answer that question• Help students sum up what they have learned
 (Synthesis)

Page 4
                        

Elevation, p. 4
 Theory of Plate Tectonics
 The theory of plate tectonics was created and subsequently supported by a variety of data, starting with elevation.
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Topography of Earth above sea level:(“elevation”)

Page 6
                        

Elevation, p. 6
 It took centuries to develop a map of “the earth”
 • Eratosthenes created the first known map of the world(ca. 220 B.C.)
 • Crates of Mallos constructed the first globe(ca. 150 B.C.)
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Patterns: Random? Clumped? Linear? ? ? ?
 Why? - one cause? many causes?

Page 8
                        

Elevation, p. 8
 Some questions tackled by early oceanographers
 probably included:
 How deep is the ocean?
 Where is it deepest?
 How deep is the center of the ocean?
 Is the ocean floor flat or bumpy? Where?
 Is there a relationship between topography on land and in the ocean? If so, what is that relationship?
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•Elevations of Earth below sea level is called “bathymetry”
 Today we know that the ocean floor has mountains, valleys, plains, and other features similar to what we see on land.

Page 10
                        

Elevation, p. 10
 Why does the ocean have the depths it does?
 Why do ocean depths have the patterns we see?
 Are land and ocean elevations related?

Page 11
                        

Elevation, p. 11
 The Theory of Plate Tectonics• Elevation patterns
 – Not random - that is, there ARE patterns– Continents are clumped– Mountains are linear high areas surrounded by
 vast expanses of lower, flatter areas– The ocean floor shows similar patterns of high
 ridges, abyssal plains, and deep trenches– Most elevations on earth fall either around
 200 m above sea level or 4,000 m below sea level
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Elevation, p. 12
 Reinforce: –Scientific data are real measurements–They are measured by real people –They do not just appear by magic–They are not much different from what we did - mostly differ in
 sophistication of equipment - like echo-sounding above
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Elevation, p. 13
 Today, scientists use remote sensing of multibeam echo sounding and satellite altimetry, predicting topography of the bottom from the surface of the ocean.
 Satellite altimeter data of world’s oceans, measuring the surface of the ocean as it bulges over underwater features. From: http://www.ngdc.noaa.gov/mgg/bathymetry/predicted/explore.HTML#intro
 http://www.ngdc.noaa.gov/mgg/image/global_grav_large.gif
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Elevation, p. 14
 The same goes for measuring topography on land.
 We used a carpenter’s level and a pole and did exactly the same thing that surveyors do with their telescopic levels and GPS.
 Workings of a Global Positioning System. From: http://www.tsgc.utexas.edu/images/spacecraft/gps/control.html

Page 15
                        

Elevation, p. 15
 But back to patterns …
 One of the first patterns recognized, historically, had to do with the shapes of the continents.
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Elevation, p. 16
 1800 - German naturalist Alexander von Humboldt hypothesized that the continents on either side of Atlantic Ocean were once joined based on how the bulge of South America fit into the curve of Africa.•A historical note - this was first proposed by Abraham Ortelius three centuries earlier!

Page 17
                        

1858 - Snider-Pellegrini’s maps from http://pubs.usgs.gov/publications//text/historical.html
 Then around 1850 - French scientist Antonio Snider-Pellegrini went a step further:
 • Suggested N. Am. and Europe were once connected based on identical fossil plants in coal deposits
 • Pennsylvanian period - 325 to 286 mya (million years ago)

Page 18
                        

Late 1800s - Austrian geologist Edward Seuss • Continents had all been part of one ancient continent• Coined term Gondwanaland• Based on similarities of plant fossils in South America, India, Australia, Africa and Antarctica

Page 19
                        

One thing that scientists must deal with is uncertainty.
 • A hypothesis is one suggested explanation to an observed pattern or phenomenon
 •A theory has been “tested.”
 •Are theories ever discarded? Of course.

Page 20
                        

Elevation, p. 20
 And back to patterns again…
 1908 - U.S. geologist Frank Taylor• Continents had collided at some time • Those collisions had created some of the
 world’s mountain ranges• Based on rock formations and minerals in
 Caledonian Mts. of Europe and the Appalachian Mts. of North America
 • Also thought the mid-Atlantic Ridge (a high ridge dividing the Atlantic Ocean from north to south) was the former boundary between the continents

Page 21
                        

Elevation, p. 21
 Development of the theory of continents moving
 • First proposed by Frank Taylor, but was developed using all the available evidence by Alfred Wegener, a German meteorologist, in 1912
 • Evidence:– Geology (mountain range, rock and mineral patterns)– Climatology (tropical fossils in Antarctica) – Paleontology (fossils)– Continental shapes, including continental shelf
 contours– Differing densities of continental and oceanic rock

Page 22
                        

Elevation, p. 22
 Continental Drift• Wegener’s hypothesis of “continental drift”
 – "Entstehung der Kontinente und Ozeane” (The Origin of Continents and Oceans)
 "It placed an easily comprehensible, tremendously exciting structure of ideas upon a solid foundation. It released the continents from the Earth's core and transformed them into icebergs of gneiss [granite] on a sea of basalt. It let them float and drift, break apart and converge. Where they broke away, cracks, rifts, trenches remain; where they collided, ranges of folded mountains appear.”
 Hans Cloos

Page 23
                        

Elevation, p. 23
 Scientific Ire• Wegener’s hypothesis was not popular• Major problem - what forces could cause
 continents to move?• Two possibilities:
 – Centrifugal force– Westward tidal drag generated by the
 gravitational pull of the sun and moon
 – But these were just hypotheses with no data …

Page 24
                        

Elevation, p. 24
 Although down, the theory of continental drift was not completely out. Some scientists were making their own hypotheses about what patterns could be explained by continents moving around.
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