Chapter 17 – Plate Tectonics

17.1 – Drifting Continents

· in a an average lifetime it does not look like the surface of Earth is changing, with the exception of earthquakes, volcanic eruptions, and landslides

· on the geologic time scale Earth is always changing

· South America is moving away from Africa at a rate of 2 to 3 cm/y and Hawaii is moving to the northwest at 8 to 9 cm/y

Early Observations

· in the late 1500’s, Abraham Ortelius, noticed the apparent fit of continents on either side of the Atlantic

· he incorrectly proposed that N. and S. America had been separated by earthquakes and floods

· Edward Suess, in the late 1800s, thought that the southern continents had once been joined and called it Gondwanaland

· in 1912, Alfred Wegener, discussed his ideas about continental movement

Continental Drift

· Wegener called his hypothesis contnental drift, which stated that all Earth’s continents were once a single landmass

· this was called Pangaea

· the thought was that Pangaea began to break up 200 million years ago and have continued since

· he collected rock, fossil, and climatic data to support his idea

Evidence from Rock Ideas

· Wegener thought that if Pangaea began to break up, large geologic structures, such as mountain ranges, would have fractured

· to prove this he needed to find areas of similar rock types on opposite sides of the Atlantic

· he found that rock types in the Appalachians in N. America matched rock types in Greenland and Europe (p 445) 

 Evidence from Fossils

· Wegener also gathered data from fossils

· similar fossils and plants have been found on widely separated continents  (Fig 17-2)

· Kannymeyerid, Labyrinthodont, and Glossopteris 

Ancient Climatic Evidence

· coal deposits have been found in Antarctica

· coal forms from dead swamp plants and swamps only occur in an area that is wet and spongy

· this indicates that Antarctica was once a warmer and wetter place and must have been located closer to the equator at one time

· also there are glacial deposits in Africa, , India, S. America, and Australia

· this suggests that there were thick glaciers in these areas and for this to happen these areas might have been closer to the S. Pole at one time

A Rejected Hypothesis

· in the early 1900’s, many scientists still believed that the location of oceans and landmasses were permanent

· they believed Wegener’s hypothesis had 2 major flaws

· Wegener had not thoroughly explained what was causing the continents to move

· also he did  have an explanation on how continents could move without shattering

· Wegener died in 1930 without scientists giving him a lot of support

· support did not come until the 1960’s when new evidence was discovered to explain how continents moved

17.2 – Seafloor Spreading

· until the mid-1900s, most scientists thought the seafloor was flat and was older then continental crust

Help from Technology

· one advancement that helped was sonar

· another device that helped was the magnetometer

·  this device helps detect differences in the magnetic field 

· it is used to find differences in magnetic fields in rocks on the ocean floor

Ocean Floor Topography

· data from mapping the ocean floor came back showing underwater mountain chains called ocean ridges

· these features showed the longest continuous mountain chain on Earth

· later scientists discovered that earthquakes and volcanoes were common along these ridges

· sonar also showed deep under water trenches

· trenches can be thousands of meters long and extremely deep

· the deepest is the Mariana Trench which is 11 km deep

Ocean Rocks and Sediments

· besides making maps, scientists took samples of the seafloor

· this produced two important discoveries:

· 1st – that ages of rocks that make up the seafloor vary in different places, and these ages change in predictable patterns

· rock samples near ocean ridges were younger then those taken from near deep-sea trenches

· scientists also discovered that the oldest rocks on the seafloor were geologically 180 myo

· 2nd – measurements showed that the ocean floor sediment, in general, is not as thick as thought

Seafloor Spreading

· Harry Hess was the first scientist to come up with the idea called seafloor spreading

· this states that new ocean crust is formed at ocean ridges and destroyed at deep-sea trenches

· this is caused because magma is hotter and lees dense then surrounding material and is forced up at ocean ridges filling a gap (17-12A – 17-12C)

· when this magma hardens it turns into new ocean floor

The Missing Link

· seafloor spreading was the link that was missing for Wegener

· seafloor spreading is the answer of how the continents were drifting apart

17.3 – Theory of Plate Tectonics

· the theory of plate tectonics states that Earth’s crust and rigid upper mantle are broken into enormous slabs called plates  (17-13)

· these plated move in different directions and different rates

Plate Boundaries

· tectonic plates interact at plate boundaries

· at some they come together, or converge

· others they move away from one another, or diverge

· some move horizontally to one another

Divergent Boundaries

· places where plates are moving apart are called divergent boundaries

· most of these boundaries are found on ocean floors where they form ocean ridges  (17-14)

· this is the area where oceans floors begins to spread

· scientists have measured the rate of growth of the Atlantic Ocean to be 2-3 cm/y

· these boundaries can also occur on land and they are called rift valleys

· East Africa

Convergent Boundaries

· these are places where tectonic plates are moving towards one another

· there are 3 types  (17-15)

· oceanic crust converging with oceanic crust

· oceanic crust converging with continental crust

· continental converging and colliding with continental crust

· at oceanic-oceanic boundary one of the two plates is descending beneath the other in a process called subduction

· this creates a deep-sea trench

· also forms volcanic islands near here

· subduction also occurs when oceanic crust collides with continental crust

· this also produces a trench and volcanoes

· continental-continental boundary forms mountain ranges

Transform Boundaries

· this is where 2 plates slide horizontally

· this is where crust is deformed or fractured

· these are characterized by long faults

· they rarely occur on continents

· best example of them occurring on continents is the San Andreas Fault 

