SMD, twi

Plate Tectonics 


General stuff: ( PPT

· Results of evaluation:

· have (more) tasks in class – less homework (?)

· start with Chemistry soon

· experiment

· know key-terms ( explain! (Also: pronounciation, learn English better)

· clearer guiding where we are going, what is the red line 

· would like to get answers to their (key-)questions (posed in the beginning – see fields of Science) 

· I will try to meet these expactations!

· BUT concerning the red line: I am an environmental scientist and this means I think connected in between the subjects. This means I will also teach this way. I believe everything is very much interrelated and it is difficult for me to make the „compartments“ too small e.g. Earth Science involves also Physics and Chemistry and all of it involves maths! I try not to torture you with maths too much but it is important to sometimes make a little exercise to refreshen memory... and make a little detour to connect the things you are maybe learning in other classes. Please: I am like a guide. Tell me when you are lost, because my job is to take everybody with us – I know it is not an easy task particularly because some students are more advanced then others. I ask particularly the new students to take advantage of the knowledge of the old students and ask the old students to see this as a chance to learn to teach!

· Experiments: I plan to make a group of experiments with water... 

· first Earth science (parking space)
A NEW REVOLUTIONARY IDEA

Hypothesis

Alfred Wegener, Meteorolgist

He found it interesting that fossils of same animals and plants could be found on both sides of the ocean! 

Questions:

· How did Marsupials
 get from South-America to Australia? 

· How could we find the same snails in Scandinavia and New England (USA)? 

· How can coal and other tropical remains be found in the cold countries some 700 km north of Scandinavia?

First idea

based on ideas of previous Scientists... 

· 1908: Taylor, Hobby Geologist

· similar continental shapes... they might have wandered

· idea that because of pressure between continents mountains could have resulted...  BUT: he had no proofs

· with a foreword of Einstein (one of his last acts) the book „The earth’s shifting crust“ (Charles Hepgood) was making fun of the idea that the earth is moving… 

Theory 

Alfred Wegeners theory: 

Animals and plants could mix as they wanted. 

H0: “all continents were once united in one piece called “Pangea”
.” 
Book „The formation of continents and oceans“ 1912 in German, 1915 in English, the times of the first world war... 

Problem: Wegener was NOT a Geologist, was German and was challenging the foundations of the geological believe… the geologists couldn’t take it!

Controversy

1920: a big discussion followed!  

· Everybody agreed: Yes continents move – but NOT sideways! Up and down!! (Mountains, Valleys, etc.)

· „Baked-Apple“-Theory: The molten earth cooled down and shrank... like an apple ( ocean and mountain ranges! Many arguments were against this, too... 

· earth is still hot (Rutherford) so shrinking is not possible to that extent, 

· mountains would have spread evenly over the whole planet and would have to have the same age! 

· At the beginning of 19th century geologists knew already that Apalach mountains and Ural where some 100 million years older then eg. Rocky Mt., Alps or the Himalayas!

· erosion
 would make the earth even and fill up the cavices. 

· Time was ripe for a new theory! 

( Ancient landbridges as a possible solution! 

· Ancient horse that seemed to have lived in France and Florida at the same time must have moved over a landbridge

· Prehistoric Tapirs in South America and Southeast Asia… 

· … soon all full of landbridges 

· Many problems

However: Encyclopedia Britannica still 1964(!) when comparing different theories stated: “Wegeners theories has numerous problems!” 

And it’s true: Wegener had NO explanation, WHY the continents were moving! People must have had troubles imagining the hard continents moving like a plough through the massive earth’s crust without even leaving a trace behind!

With the knowledge of that time it was not possible to explain what was driving the continents. 

Arthur Holmes: Radioactivity in the interior of the earth was heating up the interior of the earth and convection currents could result from this! His Book (1944) are todays foundation of plate tectonics! 

( Experiments to thermal convection:

1. Oil with Thyme over two candles ( convection cell, card-bord or wood pieces as plates can be put on surface. Task: Observe from top and side and draw a sketch of the observed movement of the liquid (up/down/horizontal flow)

2. Handout with cooking pot to bring an analogous example where they read the theory to convection again. 

3. Common drawing of the sketch, elaborating on density and temperature (movement of the particles)

4. Experiment with the Radiometer, powered by the sun (black surfaces ‘kick’ away the atoms more intensely then the white surfaces ( rotational movement)

5. Experiment with the Zeppelin (hot air balloon, taking it’s energy from the sun)

Input on Temperature

Still in many countries the theory was not believed (particularly in the USA) 

Even Holmes himself was doubting (1953): I never succeed to get rid of a prejudice and sometimes I have troubles believing this fantastic story… 

USA: Reginal Daley (Harvard) was in favor of the theory but he was also the one who speculated that the moon could have been the result of the impact of a celestial body! “Interesting” and longer discussed! 

What happens to all the sediments?!

Another problem of these times… Rivers constantly transport material come lose through erosion6 into the oceans. 500 mio Tons of Calcium (= ᩶ᨙ᫙ᨋ᫡᪱ᨋ or ᩖᨕᩏᨋᫍᨑᨋ) alone.  

Task: 

a) how big would a block of 500 mio t Calcium
 be if the densitiy of Calcium is 1.55 g/cm3


( (500 x 106 x 106 g  / 1.55 g/cm3)  x 1km3/1015 cm3 = 0.322 km3
b) How big would this Calcium block be today after 2.5 bio years of erosion?
 


( 0.805 bio km3
The ocean floor would be covered with sediments about 20 km high
 ( Ocean ground should be higher then the continents...  Strategy: Ignore this fact... 

2nd world war:   

After the war (in the 50s) they were checking more precisely and what they found was surprising: the biggest mountain range on the planet was under water! The midocean ridge!
 
Iceland ( around SA, through the Indian ocean ( below Australia, through the Pacific and along the US westcoast all the way to Alaska. 

Actually: they knew about the “mountains” in between Europe and the states… in the 19th century as they were placing/installing the “transatlantic telegraph cable”, cables used for communication – but they had no idea how long this mountain was.

Ridge

Another thing was surprising! In the middle of the mid-ocean-ridge there is a valley that is up to 20 km wide!  …. people didn’t know how to explain this. 

In the 60s scientists could see in drilling cores
: ocean ground in the middle of the ridge is young and towards east and west it got older… 

( In the middle (on both sides of the valley) new material is continuously formed and pushes older material to the side. Towards America and towards Europe. This phenomena = “seafloor spreading!”

Meeting the continental plates it dives down = Subduction

The sediments thus return to interior of the earth. 

Also it was explained why the ocean-floor is comparatively young! 175 mio years was the oldest ocean-material that was ever found while rocks on the continents often were a few billion years old!

Oceanic rocks only remain until they reach the continental plate and then melt again… A wonderful theory by Hess the geologist, but not many people didn’t recognize it.

Magnetism as the final proof

Two other scientists mad another discovery at this time. It was already known that the earth’s magnetic field is reversed from time to time.
 This change leaves in the rocks that are formed in this time lasting traces! Tiny metal grains orient themselves in the direction of the magnetic field at the time they are formed. When rocks cool down and get solid they remain in this position – they “remember” how the poles at the time of their formation where oriented…

Two scientists in the 50s: mapping of the magnetic-fields of the UK: they must have turned around it’s own axis and wandered north. If you place a map of the magnetic orientation of Europe/Africa from a specific year next to a map of Southamerica from the same period, they matched perfectly! 

1963: proof of Hess’s theory of the seafloor spreading. 

Soon everybody agreed and it was generally acknowledged! The name “Continental drift” and later (as they saw that not only the continents are moving) “Plate Tectonics” was given to the theory! 

PLATES (8 big ones and 20 small ones): 

· North-America ( bigger as the continent. West ok, East all the way to the mid-atlantic ridge

· Iceland belongs tectonically speaking half to North-America, half to Europe

· New Zealand is part of the huge Indian oceanic plate even if it is not even near the Indian ocean….

The constant recirculation prevent the continents from uniting into one big stationary block.

Assuming the movements continue like they have been:

· Atlantic will grow and become bigger then the pacific

· Big parts of California will come undone and become a pacific island (like Madagascar)

· Africa will go north and erase the Mediterranean sea. The mountains resulting from that Collision will be as high as the Himalayas and stretch from Paris all the way to Calcutta. 

· Australia will swallow the islands in the north and connect to Asia. 

Allready this is happening and 

· USA and Europe are going apart with the speed of about a fingernail growing… 2 m during a human lifetime. 

· The momentary picture we have of the earth is really only momentary! 

· Earth is the only stone-planet with plate-tectonics! Venus doesn’t have it. 

· Plate tectonics seems to be essential for life on earth and for a healthy planet. 

· There could be a correlation between the development of minerals and the development of life. 

· Coming about of Calcium-Rocks and the blooming of microorganisms using Calcium for protective shells etc. 

� hypothesis = proposed explanation for an observable phenomenon. �HYPERLINK "http://en.wikipedia.org/wiki/Greek_language"��Greek�: – hypotithenai meaning "to put under" or "to suppose." Scientists generally base scientific hypotheses on previous �HYPERLINK "http://en.wikipedia.org/wiki/Observation"��observations� that cannot satisfactorily be explained with the available scientific theories.


±ôh-GŸG- : ±ôh-GŸG-mÛ-ŸÛz-dôGÅ-‘ãP-fÞz-qºÛ-¤Pôm-±ß¾-ŸÛG-¾-ºIï¾-zÁh-ˆÛ-IôÅ-ºV¼-ŸÛG-¾-¸ï¼-


� Meteorology is the �HYPERLINK "http://en.wikipedia.org/wiki/Interdisciplinary"��interdisciplinary� scientific study of the �HYPERLINK "http://en.wikipedia.org/wiki/Atmosphere"��atmosphere�. (meteōros = to be up in the air)


� Marsupials are an �HYPERLINK "http://en.wikipedia.org/wiki/Class_(biology)"��infraclass� of �HYPERLINK "http://en.wikipedia.org/wiki/Mammal"��mammals�, characterized by giving birth to relatively undeveloped young.


� geologist = �HYPERLINK "http://en.wikipedia.org/wiki/Scientist"��scientist� who studies the solid and liquid matter that constitutes the �HYPERLINK "http://en.wikipedia.org/wiki/Earth"��Earth� as well as the processes and history that has shaped it.





� from �HYPERLINK "http://en.wikipedia.org/wiki/Ancient_Greek"��Ancient Greek� pan "entire", and Gaia "Earth", Latinized as Gæa) is hypothesized as a �HYPERLINK "http://en.wikipedia.org/wiki/Supercontinent"��supercontinent� that existed about 250 million years ago, before the component �HYPERLINK "http://en.wikipedia.org/wiki/Continent"��continents� were separated into their current configuration. (moving gif: Pangea_animation_03)





� Erosion is the process by which material is removed from a region of the Earth surface. ( ? �HYPERLINK "http://en.wikipedia.org/wiki/Weathering"��weathering� and transport of solids, deposition of these materials elsewhere. (2 pics)


� Calcium (symbol Ca and �HYPERLINK "http://en.wikipedia.org/wiki/Atomic_number"��atomic number� 20). 


a soft gray �HYPERLINK "http://en.wikipedia.org/wiki/Alkaline_earth_metal"��alkaline earth metal� 


the �HYPERLINK "http://en.wikipedia.org/wiki/Abundance_of_the_chemical_elements"��fifth-most-abundant element by mass� in the �HYPERLINK "http://en.wikipedia.org/wiki/Earth"��Earth�'s �HYPERLINK "http://en.wikipedia.org/wiki/Crust_(geology)"��crust�. 


the fifth-most-abundant dissolved ion in �HYPERLINK "http://en.wikipedia.org/wiki/Seawater"��seawater� by both molarity and mass, after �HYPERLINK "http://en.wikipedia.org/wiki/Sodium"��sodium�, �HYPERLINK "http://en.wikipedia.org/wiki/Chloride"��chloride�, �HYPERLINK "http://en.wikipedia.org/wiki/Magnesium"��magnesium�, and �HYPERLINK "http://en.wikipedia.org/wiki/Sulfate"��sulfate�. 


Calcium is essential for living �HYPERLINK "http://en.wikipedia.org/wiki/Organism"��organisms�, 


in particular in �HYPERLINK "http://en.wikipedia.org/wiki/Cell_(biology)"��cell� �HYPERLINK "http://en.wikipedia.org/wiki/Physiology"��physiology�, where movement of the calcium ion Ca2+ into and out of the �HYPERLINK "http://en.wikipedia.org/wiki/Cytoplasm"��cytoplasm� functions as a signal for many cellular processes. ( which ones?? Philipp: „Action-potential“ 


As a major material used in mineralization of bones and shells, calcium is the most abundant �HYPERLINK "http://en.wikipedia.org/wiki/Metal"��metal� by mass in many �HYPERLINK "http://en.wikipedia.org/wiki/Animal"��animals�.





� Today we assume: 4.2 bio years ago earth cooled down below 100°C ( first Ocean. 4 bio years ago: Crust breaks into plates, first continental drift. First supercontinent (Pangea) 2.5 bio years ago ( start of erosion. Volume of the oceans: 1.338 bio km3 this is 96.5 % of all water on earth ((1.386 bio km3)





�The total amount of sediments in the ocean  are around 27.5 bio tons per year





� A mid-ocean ridge (MOR) = �HYPERLINK "http://en.wikipedia.org/wiki/Underwater"��underwater� �HYPERLINK "http://en.wikipedia.org/wiki/Mountain_range"��mountain system�, typically having a �HYPERLINK "http://en.wikipedia.org/wiki/Valley"��valley� known as a �HYPERLINK "http://en.wikipedia.org/wiki/Rift"��rift� running along its spine, formed by �HYPERLINK "http://en.wikipedia.org/wiki/Plate_tectonics"��plate tectonics�. Most of it is hidden below the ocean, underneath thousands of meter of water...


The highest peaks: Azores, (Canary Islands), Easter Islands and Hawai... Altogether it measures ~80’000 km (of which 65’000 km are countinuous) 


( remember earth-circumference?? 2 x 6370 km x  ( ( ~40’000 km)





� core samples are obtained by drilling with special drills into the substance (ground/ice/ocean floor), with a hollow �HYPERLINK "http://en.wikipedia.org/wiki/Steel"��steel� tube called a �HYPERLINK "http://en.wikipedia.org/wiki/Core_drill"��core drill�.





� The fastest-moving plates are the oceanic plates, with the �HYPERLINK "http://en.wikipedia.org/wiki/Cocos_Plate"��Cocos Plate� advancing at a rate of 75 mm/yr�HYPERLINK "http://en.wikipedia.org/wiki/Earth#cite_note-podp2000-99"��[90]� and the Pacific Plate moving 52–69 mm/yr. At the other extreme, the slowest-moving plate is the Eurasian Plate, progressing at a typical rate of about 21 mm/yr





� intervals, ranging from tens of thousands to many millions of years (average 200,000 to 300,000 years. Last time is observed to have occurred some 780,000 years ago. 
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