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Sir Francis Bacon

1620

-noted parallelism of Atlantic coastlines of Africa and South America

Late 1800s: Eduard Suess  

   -suggested ancient southern supercontinent Gondwanaland 

       (South America, Africa, Antarctica, Australia, India and New Zealand)

1915: Alfred Wegener

-His book supports theory of continental drift 

– all the continents had once been the supercontinent Pangaea


-then drifted apart

-Theory of continental drift was rejected


-no mechanism for movement of continents.
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Continental Drift Theory

Wegener (a meteorologist) introduced this theory in 1915.

He hypothesized that 200 MYA a supercontinent Pangaea began breaking apart.  His paper was translated into English in 1924 andthe debate started.


Evidence



Fit of South American to African coastline



Similar fossil where coastlines touched



       Reptile Mesosaurus in Africa and South America



Similar rocks & structure where coastlines touched



Similar paleoclimates where coastlines touched


Late Paleozoic (220-300 MYA) Swamps produced coal fields in Laurasia (N. America, Europe, Asia),


Also no growth rings in trees indicates tropical climate in Laurasia
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Objections


No mechanism to move continents


Didn't account for known fault lines


Would disrupt layers of rock in crust
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International Geophysical Year in 1957 showed:

age and magnetic field of the ocean floor wasn’t constant.

 This led to the deep sea drilling project from 1968 to 1983 which found:

Age of sediments increased with distance from the mid 


Ocean Ridge


Sediment age agreed with Magnetic field of underlying 


rocks


No ocean crust older than 180 million years


Continental crust is much older at 3.9 billion years


Sediments are thinnest on the ridge, thickness increases


with distance from the ridge.
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Plate Tectonics Theory began - 1968 when J. Tuzo Wilson published his paper on Transform Faults. Nature 1965 v. 207 pp 343-347.

Classic papers (if you are interested in more detail)

Cox et al, Scientific American Vol. 216 pp 44-54, 1967.

Harley, Scientific American, vol 218, pp 52-64, 1968.
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Plate Thickness


Thin ocean plates 1 - 100 km


Thick continental plates 100 - 250 km

Early definition of plate borders


Volcanoes and Earthquake activity

Temperature & pressure at top of Asthenosphere is near the melting point - allows movement of plates

Later  -  3 kinds of boundaries identified


Divergent - plates coming apart creating a valley,



        later filled by ocean and eventually a ridge.




e.g. Atlantic Ridge, African Rift, Red Sea



Convergent - plates colliding building large mountains




West Coast of U. S., West Coast of S. America



Transform - One plate slides beside another.



examples of transform faults are:



San Andreas fault line, Gulf of California.



Alpine Fault of New Zealand



Dead Sea Transform fault in Israel
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Types of boundaries

DIVERGENT BOUNDARIES
Crests of Ocean ridges (divergent boundaries) were discovered in 1957 at the beginning of the International Geophysical Year

The longest mountain range in the world (the mid-ocean ridge) is under water.
Runs through most of the oceans and is more than 35,000 miles long.
Has peaks higher than those in the Alps.
Early stages of Continental Breakup


Rift valleys such as the Rift Valley of Africa



e.g. Lake Tanganyika, Mt. Kenya, Mt. Killimanjaro



     in Africa

CONVERGENT BOUNDARIES
Edges of some continents are convergent boundaries

Some plates include substantial seafloor as well (South American plate).

The Pacific Plate is the largest.
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Two examples of divergent plate boundaries are seen in Africa


Red Sea

Afar Triangle in Ethiopia and south to Lakes in Tanzania


(early stages of continental breakup)

These Rift valleys are divergent boundaries


Red Sea


Afar Triangle, Mt. Kenya, Mt Kilimanjaro, Lakes Tanganiyika and Nyasa

Nyiragonga Volcano (11,381 ft high) 

Erupted January 2002 after being dormant since 1977

Located in Afar Triangle

Rift Valley in Congo (Zaire)
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Oceanic crust cools and contracts in 100 million years

The old technique for dating rocks in the sea floor is to date  the fossil remains of micro-organisms found in the sediments directly on top of the seafloor.  Lots of different magmatic rocks from the seafloor have been dated by radiometric methods.  But it is possible that sometimes the  weathering  could make the radiometric systems partially open to exchange, and thus not give a reliable age.
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Subduction (convergence of ocean plate under continental plate)  causes


volcanic arcs  e.g. Andes, Cascades, Sierra Nevada mtns


Island arcs    e.g. Aleutian, Marianas, Tonga, Japan, 


Philippine Islands

Convergence of two continental plates causes huge mountains


e.g. Himalayas, Alps, Appalachians, Urals

Most transform faults are in the floor of the oceans
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Strips of rocks in ocean floor have opposite magnetic fields due to Earth's magnetic field reversing approximately each  1,000,000 years.  Last reversal was about 700,000 years ago
In the upwelling areas of the Mid-ocean ridges,  Iron Rich grains of rock cool below Curie point and take on the Earth's magnetic field.

The transition from one magnetic field to the opposite takes about 8,000 years

Atlantic seafloor spreading is slower  1 to 2 cm/year

Pacific seafloor spreading is faster   3 to 8 cm/year

North magnetic pole 300 million years ago can be found by measuring the direction of magnetic field in the old rocks.

Rocks in Europe point in a different direction than the rocks in the U. S. unless you put the two continents back together so their continental shelves touch.
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Subducted ocean plate will be much colder than surrounding rocks in the Asthenosphere.  These colder rocks don't flow, but fracture causing earthquakes.

Shallow earthquakes are closest to the trench

Deeper earthquakes are farther away from the trench where the subducted ocean plate is deeper.

By a depth of 400 km, the temperature is 1500 deg K and the subducted plate may be 1000 deg colder.

The subducted slab heats up and below 700 km depth there are no more earthquakes.
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Hot Spots

Movement of the Pacific plate over the hot spot has created a chain of islands with dormant volcanoes from Hawaii to Kauai. Other hot spots are Yellowstone National Park,  Galapagos, Tahiti and Reunion Islands.

Seismology has shown the plume of magma that causes the volcanoes in  Hawaii comes from the Earths outer core, up through the mantle.
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A Mars sized object hit Earth and created Moon abut 4.6 BYA (Billion years ago).  Moon rocks are between 3.1 & 4.5 BY old.  Meteorites are over 4.5 BY.

Between 1,100 & 750 MYA

All continents converged into Rodinia

Rodinia is Russian for "motherland"

700 MYA - Great Ice Snowball

Ice 1 mile thick covered the Earth

630 MYA breakup of Rodinia due to internal heat build up in planet Earth

Volcanoes created greenhouse effect and melted the ice

Pangea formed 225 to 500 MYA

Formed Appalachian and Ural Mountains
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225 to 500 MYA (million years ago) Pangea formed Appalachian and Ural mountains

Ocean floor is younger than 200 MY.

India hit Asia 45 MYA

Baja Peninsula formed 10 MYA

Driving mechanisms



-convection cells in mantle



-slab pull
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65 Million years ago a 10 km diameter asteroid impacted the      Yucatan Peninsula in Mexico resulting in a 100 million       megaton explosion which left a 180 km Chicxulub crater.

The ash layer resulting from this impact covers the entire       Earth and marks the boundary between the Cretaceous and       Tertiary.  This marks the time period when the dinosaurs became extinct.

An impact similar to this can be expected approximately      each 100 million years according to statistics.
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History of Major Eruptions

Volcano
Year
Volume of Ejecta (Cubic km)

St. Helens
1500

  1

St. Helens
1980

  1

St. Helens
1900 BC

  4

Vesuvius
79 AD

  9

Krakatoa
1883

 20

Katmai
1912

 30

Tambora
1815

 80

Mazama
4850 BC

150

(Crater Lake OR)
