ES11	PLATE TECTONIC UNIT NOTES	Name: 
[bookmark: _GoBack]THEORY OF PLATE TECTONICS
· Earth’s surface consists of a number of _________________ but _________________, pieces called _____________________________.
· Plate Tectonics is the study of the _________________________and _________________________of these plates. 
THEORY OF CONTINENTAL DRIFT 
In 1912, German Scientist, Alfred Wegener, suggested that continents had once been part of a ____________________________named ____________________, that later broke up.
[image: Image result for evidence of continental drift mountain trends image]EVIDENCE FOR CONTINENTAL DRIFT
1. Continents seem to fit together like a _______________________.
2. Matching Geologic Features - When maps of continents are brought together, their rocks and mountain ranges form a single                                                                      continuous range of the same ___________ and ________________.
3. [image: ]FOSSIL RECORD - There were matching ______________on different continents suggesting these continents were once joined.

4. CLIMATIC EVIDENCE - Continents had different climates in the past:
[image: Image result for climatic evidence for continental drift]such as ____________________on now warm continents like Africa.
5. COAL DEPOSITS -  ______________deposits in Antarctica (now too cold for plants to grow)

· FIXISM - Because Wegener couldn’t explain __________the plates move and people couldn’t _____ the continents move, his idea was ________________.
 
· The theory of continental drift was later expanded and became the theory of plate tectonics.


EVIDENCE THAT CONTINENTS STILL MOVE
SEA FLOOR SPREADING
· [image: Image result for Age dating sediments on either side of the ridge indicates the sediments get progressively older away from the mid-ocean ridge axis]Oceanographers discovered a long mountain range running north-south down the length of the Atlantic Ocean floor called the _______________________________.
· Magma erupts out of the ridge, pushing existing rock crust away, Lava cools, hardens, forming new crust. The older crust then pushes on to the continents, causing them to drift, proving Wegner's theory.
· Age dating sediments on either side of the ridge indicates the sediments get progressively _____________ away from the mid-ocean ridge axis 
· _________________________ of sediments also increases away from ridge 
 
PALEOMAGNETISM – MAGNETIC STRIPING
· Earth has north and south magnetic poles and a ________________________________
· Over thousands of years the poles may _______________________.
· When magma reaches the surface, iron particles ____________________ themselves with the Earth’s magnetic field. 
· As the lava cools, it hardens to igneous rock, ________________________the alignment of the iron particles.
· [image: Image result for older sediments are found further from the ridge]When Earth’s polarity _______________________, any magnetic particles in new lava will align to the new polarity, leaving a striped pattern, called ___________________ ___________ ___________ . This pattern appeared on both sides of the mid-Atlantic Ridge.


THEORY OF PLATE TECTONICS
· J. Tuzo Wilson combined the concepts of sea floor spreading and paleomagnetism to explain continental drift to develop the Theory of _________________ _______________ :
· Earth's outer shell is divided into several _____________that __________ and _________ over the  ______________, the rocky inner layer above the core. The plates act like a hard and rigid shell compared to Earth's mantle.
· He proposed chains of volcanic islands such as the Hawaiian Islands formed when a tectonic plate passed over a stationary __________ ________________.
· Geologic Hot spot is an area where molten rock ____________ to Earth’s surface.
[image: Image result for hawaiian hot spots]






PACIFIC RING OF FIRE
· The Ring of Fire is a major area in the basin of the Pacific Ocean where ~ 90% of earthquakes and ~ 75% of all active volcanic eruptions occur.
[image: Image result for pacific ring of fire]





UNIFYING THEORY OF PLATE TECTONICS
· The theory of plate tectonics explains many of the features and events that take place at and below Earths surface:
· It explains _____________and ______________sea floor spreading occurs,
· It explains how, why, where ________________, __________________and formation of __________________occur. (more on this later)
LAYERS OF THE EARTH 
[image: http://www.svsd.sk.ca/grassroots/2001/project2/proj4/earth_gr3/pics/earthlayers.gif]CRUST - Outermost layer, relatively solid, ________________ rock 
Continental crust 
· approx. ____________km thick
· made from less dense  ___________
Oceanic crust 
· approx. __________km thick
· made from denser   _____________
[image: ]
MANTLE
· _____________________ Layer: 2900 km thick
· dense rock, rich in _______________, __________________and ________________.
· Uppermost part (Upper Mantle) is ________________ more cool and ________________, 
· Lower Mantle is ______________________ rock, still solid, dense, flows like _____________________
CORE
Outer Core
· 2150 km thick
· Made up of _____________________iron and nickel
Inner Core
· 1300 km thick
· ________________ iron and nickel (due to tremendous ___________________)
· Extremely hot 5,500°C 

TECTONIC PLATES = _______________________ + upper ___________________.
[image: Image result for lithosphere]LITHOSPHERE:
· an outer layer of rock composed of __________ and top part of _______________mantle
· 65-100 km thick
· Lithosphere = _______________________
· Plates float and move on the asthenosphere
ASTHENOSPHERE
· [image: Image result for asthenosphere]molten layer in upper mantle _________________plates
· So hot it behaves like plastic, less rigid, flows like ________________________, flows like toothpaste.


[image: crust]


PLATE MOVEMENT IS DUE TO MANTLE CONVECTION:
· Variable ___________________in the mantle causes __________________ __________________
· Heat comes from: 
· 	____________________ decay
· 	___________________ between rock masses in the crust and mantle;
· 	heat left over from _________________  ________________.
· Mantle Convection: Magma nearest Earth’s core heats up, causing it to become less dense and therefore __________________.  As it gets farther from the core, it cools, becoming more dense, and _______________. This cycling is called a convection current.

· _____________________ - Rising material spreads out as it reaches the upper mantle, causing the lithosphere to  _______________ and ________________tectonic plates apart at divergent plate boundaries (___________________  ______________________). 
· _____________________ - as the leading edge of a subducting plate sinks, it pulls the rest of the plate with it at convergent plate boundaries. 
· Gravity and convection assist this movement[image: Image result for ridge push image]



PLATE BOUNDARIES 
Region where two tectonics plates are in contact
Plate boundaries are marked by: 
· ____________________________, 
· ____________________________
· _____________________________
· _____________________________

DIVERGENT BOUNDARIES (SPREADING CENTERS)
· Where plates ________________ _________________;
· As lava surfaces, ________ _____________ is formed. 
· Characterized by ________________________, _________________________ or  ________________________
· Eg. Mountain Range found at Mid-Atlantic Ridge, 
· Eg. Endeavour hydrothermal vents, 
· Eg. East African Rift 
CONVERGENT BOUNDARIES
· Where two plates ____________________
· Denser crust eventually goes below the less-dense crust (____________________),
· causing deep sea __________________ , _____________________,  _______________________,[image: ] ____________________________ are common
A) CONTINENTAL-OCEANIC PLATES  
· When more dense oceanic plates collide with continental plates, the ____________________ plate subducts.  
· Continental crust never subducts because it is less dense than oceanic crust.
· Pockets of magma develop and rise

· Eg.  Juan de Fuca Plate is sliding under North America Plate forming Cascade Mountain Range
B) OCEANIC-OCEANIC PLATES 
· When two oceanic plates collide, usually one plate ________________________ beneath the other.  
· __________________ often form on ocean floor.
· Volcanic Island Arcs form above the non-subducting plate.
· Eg. Islands of Japan and Indonesia
· Eg. Aleutian Island of Alaska 
· Pacific Ring of Fire 
C) CONTINENTAL-CONTINENTAL PLATE CONVERGENCE 
· When two continental plates converge, neither plate is dense enough to be pushed down, so the land ______________________ (“uplifting”), forming ____________________ranges;
· Eg. Himilayas
TRANSFORM BOUNDARIES
· Where two plates ________________by each other
· Results in frequent ___________________ and __________ (fracture in the crust)
· No ________________ or __________________
· Mostly near ocean ridges
· Eg. Queen Charlotte Fault, 
· Eg. San Andreas Fault
[image: Image result for plate boundary symbols][image: Related image]ALL THREE PLATE BOUNDARIES EXIST NEAR BC:
VOLCANOES
Volcanology: The Study of Volcanoes
· A volcano is any rupture in the Earth’s crust where hot lava, rock fragments, hot vapor, volcanic ash, and gases escape from a vent out of the ground. 
[image: http://www.flixya.com/files-photo/k/u/m/kumareshg-1868391.jpg]Parts of a Volcano:
· Below the volcano is a body of magma called a magma chamber. 
· The magma from the magma chamber rises to the surface and escapes through openings called vents. 
· When magma flows onto the Earth’s surface, it is called lava.
· Crater is funnel-shaped pit at the top of a volcanic vent
· Calderas form when volcanic cone collapses or by discharge of large amounts of magma    Eg. Santorini, Greece

TYPES OF VOLCANOES
[image: Image result for cinder cone volcano]CINDER CONE 
· Simplest type of volcano. 
· Contains a single volcanic vent. 
· Alternating layers of pyroclastic material (rock and ash) and lava
· Lava is blown violently into the air, and breaks into pieces called cinders which rain down around the vent to form a circular or oval cone. 
· Most have a bowl-shaped crater at top
· rarely higher than 300m
· Numerous in western North America 
· Cinder cone volcanoes erode very quickly due to what they are made of, their shape, and their stature. 
· Unlike strata volcanoes and shield volcanoes, they tend to be made with one eruption.
· They are formed of unstable bombs, pebbles lapilli, etc. 
· They just aren't nearly as structurally sound.
COMPOSITE VOLCANOES (Stratovolcano)
· [image: Image result for composite volcano]Steep-sided cone built up by alternating layers (strata) of pyroclastic material and lava.
· Contains several separate vents, with secondary cinder cones and craters.
· Larger than cinder cones, (up to 2,400 m)
· Magma is usually very thick and traps gas producing explosive eruptions
· They form along Earth's subduction zones where one tectonic plate pushes beneath another.
· Eg. Mt. St. Helens, Mt. Garibaldi, Mt. Fuji, Krakatau
· 
SHIELD VOLCANOES
· [image: Image result for shield volcano diagram]Low, dome-shaped profile composed of layers of lava.
· high temperature, low viscosity basaltic magma.
· Thin, fast flowing lava can flow for many km producing gentle slope
· Frequent but non- explosive eruptions 
· Found at Hot Spots not at plate boundaries
· Eg. Hawaiian Islands, especially Mauna Loa and Mauna Kea. 
[image: ]
ACTIVE, DORMANT, EXTINCT VOLCANOES
· An active volcano is a volcano that has had at least one eruption during the past 10,000 years.
· An active volcano might be erupting or dormant. 
· A dormant volcano is an active volcano that is not erupting, but supposed to erupt again.
· An extinct volcano has not had an eruption for at least 10,000 years and is not expected to erupt again in a comparable time scale of the future.

SOME EXTRATERRESTRIAL VOLCANOES
· On our _______________
· On ____________. Largest is Olympus Mons, an active volcano.
· On ____________, a moon of Jupiter. Very active. 

[image: Image result for divergent boundary volcano]WHERE  VOLCANOES FORM
· Most volcanoes are at convergent plate boundaries. 
· Divergent boundaries – form rift zones

· [image: Image result for convergent boundary volcanoes]Convergent Boundaries 

· Hot Spots

VOLCANIC LANDFORMS
· Extrusive landforms (above the crust) are formed from material thrown out during volcanic activity:
· 	Eg. Volcanoes, Mid-Ocean Ridges, Craters, calderas, lava domes and lava plateaus, Lava flows, columnar jointing.
· Intrusive landforms (Plutons) – Magma that cools and solidifies below the crust. 
· [image: http://drannabalog.com/Phisical/igneous.jpg]	Eg. batholiths, stocks, dikes, sills, 




TYPES OF ERUPTIONS
Explosive Eruptions 
· Less ___________________
· More __________________
· Mostly produce clouds of hot ________, ______________and ___________ fragments shoot rapidly out of a volcano.
Nonexplosive (Effusive) Eruptions 
· More_______________
· Less _______________

FACTORS AFFECTING ERUPTIONS
· ______________ – more water, easier it flows, more explosive
· ______________ -  more gas, more violent (Water vapor, Carbon dioxide, Sulfur, Hydrogen)
· ______________ - (silicon and oxygen) more silica, thick (viscous), flows slower.

Silica-rich Magma will flow slowly and may harden inside a volcano’s vents, blocking them.As more magma pushes up from below, the pressure increases. Silica-rich magma may be so stiff that water vapor and other gases cannot escape from the magma. Trapped bubbles of gas may expand until they explode.

MAGMA COMPOSITION
· Mafic or Basaltic Lava :
· __________ in colour due to high _________ and magnesium 
· Low ______________ due to low ___________ content, 
· Rapid (up to 100km/hr), Long distance flow – up to 100s of km
· Forms much of ___________________
· Mafic magma allows gases to escape more ___________, resulting in less ___________________ eruptions. 
[image: ]

Intermediate/Andesitic Lava Flows
· [image: ]Intermediate to high viscosity (more Silicon than basalt) moderate amounts of silica, Fe and Mg
· More viscous 
· Mound near vent, flow slowly
· Outer crust fractures, creating rubble
Felsic or Rhyolitic Lava Flows
Highest silica content, most viscous, Low iron, and magnesium[image: ]
· Rarely _____________
· Plugs vent as a _________________
· Low temp
· gases do not escape easily, leading to more ___________________eruptions.
· Common in _________________________

ERUPTIVE MATERIAL: Lava flows, Pyroclastic debris, volcanic gases.
LAVA FLOWS
Pahoehoe lava flow – Ropey
A’s lava – rough and jagged
Blocky lava – larger than a’a
Pillow lava – forms under water.
PYROCLASTIC MATERIAL 
Individual eruptive fragments are called _________________ (“fire fragments”).
Tephra:
The generic term for any airborne pyroclastic material is called T__________(Greek, for ash). Classified by size. 
· Ash - fine-grained fragments < 2 mm in diameter
· Lapilli – little stones (2-64mm)
· Bombs – pyroclasts less than 64mm
· Blocks – pyroclasts larger than 64 mm
Pyroclastic Flow
· very hot (700ºC), Very fast (100 km/h), current of gas and tephra. Capable of reaching 700 km/h
· Very dangerous (can destroy everything in its path). 
HAZARDS
· Ash - Can reach very high altitudes and  block sunlight, causing world temperatures to drop.
· Can destroy crops and buildings, clog rivers, damage machines.
· Lava
· Lahar – mud, water, ash
· Poisonous gases
· Ground deformation

PREDICTING ERUPTIONS
· Scientists use seismographs to measure small earthquakes
· Gas released
· Increase in Temperature 
· Bulging of surface of volcano
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