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Plate Tectonics 
 
 
Part 1- The Development of the Theory of Plate Tectonics 
Continental Drift 
• __________ _____________ was a German meteorologist, geophysicist and polar 

researcher. In 1915 he published ‘The Origin of Continents and Oceans’, which 
outlined his theory of __________________ __________. 

• Continental Drift Theory: the idea that the continents had __________ position 
through geological ________.  

• Pangaea: All the continents were originally connected in one landmass, a 
supercontinent, called Pangaea 250 million years ago.   

 

Wegener’s Evidence: 
o ______________ ______ (The Apparent Fit of the Continents): The coastlines of 

the continents (east coast of S. America & west coast of Africa) appear to fit 
together like pieces of a puzzle.    

o ____________ ___________________: Identical fossils have been found in 
rocks on either side of the ocean. A fossil of a freshwater crocodile-like reptile, 
called Mesosaurus, (that lived 250 million years ago in the early Permian) was 
found solely in Southern Africa and Eastern South America. It would have been 
impossible for Mesosaurus to swim between the continents. This suggests that 
South America and Africa were joined during the Early Permian. 

o __________ and ________________ Correlation:  Identical rock and mountain 
structures have been found on either side of the ocean.   
Identical mountains: Old mountains that were formed about 425 million years 
ago are found on widely separated continents today. Remnants of the Caledonian 
mountain belt are found in Greenland, Canada, Ireland, England, Scotland and 
Scandinavia. When the continents are re-assembled as Pangaea these remnant 
mountains form a continuous mountain chain.   
Identical rock structures: When the geology of eastern South America and West 
Africa was mapped it revealed matching ancient rock outcrops that are over 2,000 
million years old that are continuous when the continents are re-assembled as 
Pangaea. 

o ____________________ ________: Glacial striations have been found in warm 
equatorial regions. Glacial deposits formed during the Permo-Carboniferous 
glaciation (about 300 million years ago) are found in Antarctica, Africa, South 
America, India and Australia. If the continents are re-assembled as Pangaea, the 
Permo-Carboniferous glacial evidence match up and are located near the South 
Pole. 

• Although Wegener had a lot of evidence to support the theory, he could not explain 
how the plates moved. It would be almost half a century before this problem began 
to be solved.  
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Seafloor Spreading 
• Harry Hess was a professor of geology at Princeton University in the 1960’s.  While 

serving as a Navy officer in World War II he had the opportunity to use __________ 
(echo sounding), then a new technology, to ______ the __________ _________ 
across the North Pacific.   

• Hess discovered that the oceans were shallower in the middle due to _____________ 
___________ and raised above the surrounding generally flat sea floor by as much as 
1.5 km.  

• He found that the deepest parts of the oceans were very close to continental margins 
in the Pacific with ___________ _____________ extending down to depths of over 
11 km in the case of the Marianas Trench off the coast of the Philippines.   

• In 1962, Hess conceived the idea that the ocean floor _________ ____________ 
from the ____________, at ________________ ____________, where ___________ 
______________ ________ up from Earth’s interior, ______________ the crust, 
______________ in the cracks, then _______________ and ________________ to 
form the basaltic rocks of the ____________ ___________. Gradually over time this 
created new seafloor, which then _____________ away from the ridges in both 
directions at a rate of a few centimeters per year.  

• The Earth is not getting any larger, so where does this ______________ _________ 
__________ go?   Hess believed that ocean trenches (subduction zones; more on this 
later) were the locations where ocean floor was destroyed and ______________ back 
into Earth’s interior. 

• Although his theory made sense, Hess still needed convincing _____________ to 
support it. 

 

Evidence to Support Seafloor Spreading Theory 
• Magnetic Striping 

o British geologists Frederick Vine and Drummond Mathews (Cambridge 
University) studied ________________ of ________________ ___________ on 
the _____________ ____________ (around 1963).  

o They hypothesized, that the _________________ pattern of stripes indicated that 
the Earth’s ________________ __________ __________ direction over time, 
from its current (normal) direction to the opposite (reversed) direction. 

o When material from Earth’s interior rises up through mid ocean ridges and cools, 
it ________________ a ______________ of the _______________ of the Earth’s 
________________ field. This is because _________-rich magnetite minerals in 
basaltic magma is strongly magnetic, and ___________ with the Earth’s magnetic 
field when it cools. 

o In this way, igneous rocks inherit Earth’s magnetic field at their time of 
formation. 

o They noticed there was a _________________ ___________ of magnetic stripes 
on __________ side of the mid ocean ridges.  
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• Age of Rocks 
o In addition to magnetic striping, when the ______________ of the sea _________ 

were ___________, they were found to be the ___________ ________ at 
____________ ________________ away from the ridge on each side. This 
suggested that the ocean floor was created at the mid ocean _________, then was 
_________ in half by later activity and ____________ __________________. 

• Heat Flow 
o Studies conducted with ______________ __________ indicate that the ________ 

________________ up through ocean bottom sediments at ________________ 
___________ measures three to four times the continental normal value. The high 
values are considered a result of the intrusion of _____________ _________ near 
the ____________.   

o ___________ ________ values consistently _____________ as ______________ 
from the ridge _______________.   

 
 
Part 2- Earth’s Interior Structure & Heat Flow 
Layers of the Earth 
• ________________:  The outermost layer of the Earth is the crust. This comprises 

the _________________ and __________ basins. The crust has a variable thickness, 
being 35-70 km thick in the continents and 5-10 km thick in the ocean basins.  

• ______________:  The next layer is the mantle. It is about 2900 km thick, and is 
separated into the upper and lower mantle. Large _________________ ________ in 
the mantle circulate heat and drive plate tectonic processes.   

• ______________ __________:  The outer core is composed of ______________ of 
iron-nickel and is about 2300 km thick.   

• _____________ ___________:  The inner core is ____________ due iron and nickel 
due to the enormous pressure of the surrounding layers of Earth and it is about 1200 
km thick.   

To complicate things...There’s also the Asthenosphere & Lithosphere.   
Many geologists prefer a different, more complicated, model of the layers the Earth.    
• _________________________ 

o The uppermost layer is the lithosphere; comprised of the _____________ and 
_____________ portion of the ____________ ______________. 

o Broken into many ______________ (lithospheric plates) that move due to 
___________________ currents in the mantle.  

o The lithosphere essentially floats atop a semi-liquid layer known as the 
asthenosphere.  

o Composed mostly of elements ______________, ______________, aluminum, 
potassium, sodium, ________________  
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• ___________________________ 
o Allows the lithosphere to move around since it is much weaker than the 

lithosphere. 
o _______________-______________ rock with ___________ qualities; ________ 

very ______________, like stiff liquid 
o Composed of elements __________, nickel, _______________; contains minerals 

such as silicon oxides, garnets & ________________. 
 

Evidence to Support Layers of the Earth 
• _____________ studies: Studies of Earthquake waves though the Earth reveals that 

outer core is liquid. This is because certain types earthquake waves are known 
_______ to __________ through ____________.  These waves are not detected in 
the area of the outer core.  Simple geometry shows that these earthquake waves 
would have had to travel through the outer core to, and yet they ________.  This 
suggests that the ____________ ________ is _______________.  

• _____________ studies: ______________ density of the entire Earth is known to be 
________ g/cm3, yet density of surface materials is lower, around ________ g/cm3. 
o If the density is _____________ average at the ______________, the density 

must be ___________ average (greater) on the ____________.  Therefore, the 
___________ Earth is likely composed of different more ___________ materials 
than the surface; i.e. __________ metals such as iron and nickel.   

 

Earth is a Massive Heat Engine Powered by Convection Currents 
• ________________: the mass per unit volume of material or substance. 

o Refers to how concentrated the matter (atoms and molecules) in an object or 
material is. 

o Less dense materials tend to rise upward and “float” on more dense material. 
o Rocks in the Earth’s ___________ are _______ dense than the underlying mantle. 
o The crust “floats” on the more dense interior material. 
o In other words, the lithosphere “floats” on the asthenosphere.  

 

• ___________________ affects the ________________ of materials.   
o As rocks in the interior of the Earth are heated enough, their ____________ 

_____________, and so _________ dense rock _________ slowly over time. 
o The source of the Earth’s internal heat is _____________ heat from Earth’s 

formation and the decay of _________________ elements in the _________. 
o The transfer of heat from Earth’s interior to its surface drives ________________ 

in the ____________ and the ____________________ of the Earth’s crust.   
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Convection Currents 
• ____________________ is the result of _____________ ___________________ 

o Material is ___________ (becoming _______ dense) at the core mantle boundary.   
o It _________ upward, spreads out ____________________, __________ 

(becoming _________ dense) and __________ back into the interior.  
o Material __________ (density decrease) to the surface at places where 

lithospheric plates _____________ apart from one another.   
o Material ______ (density increase) back into the Earth where plates __________. 

 

These extremely slow-moving convection cells provide the _____________ force that 
__________ the lithospheric plates. 

 

The conveyor belt motion that accompanies convection is confirmed by density studies. 
 

Continental crust   
• Upper crust composed of 

______________ rocks  
• Lower crust is more akin to basalt 
• Average density is about 

________  g/cm3   
• Up to 4 billion years old 

Oceanic crust   
• ______________ composition  
• Density about ________  g/cm3  
• Younger (180 million years or less) than 

the continental crust 
 

 

Slab-Pull and Ridge-Push 
• _______________  is a mechanism that contributes to plate motion in which cool, 

dense oceanic crust sinks into the mantle and “pulls” the trailing lithosphere along.  
• _______________ causes oceanic lithosphere to slide down the sides of the oceanic 

ridge under the pull of gravity.  
• Together, _________________ and _______________ and _______________cause 

the movement of Earth’s lithospheric plates 
 

Subduction Zones 
• A ____________________ ________ occurs when one (_________ ___________) 

_______________ plate is forced ____________ into the mantle beneath a second 
(__________ ____________) plate ____________ or ___________________ plate. 

• The ____________ oceanic _________ ___________ into the asthenosphere and 
____________; recycling the material back into Earth’s interior.  

 
The Wilson Cycle: It explains why the Earth is not getting larger.  The _____________ 
of the ocean basins by seafloor spreading is _________________ out as oceanic crust is 
_________________ by __________________ at deep ocean trenches.   
 
 
 
 



Earth Science 

	 6	

 
 

Part 3- Plate Tectonics 
Plate Tectonics 
• Tectonics comes from the Greek word ___________, which means _____________. 
• Plate tectonics refers to the building of features on Earth’s surface due to 

deformation caused by ___________ ____________________.  
 
 

Plate Boundaries: A plate boundary is the area where two __________ ___________. 
3 Types of Plate Boundaries: 

1. _________________ Boundary – moving _______________ each other 
2. _________________ Boundary – moving ____________ 
3. _________________ Boundary – moving _______________ past each other 

 

Plate movements create _______________ ranges, _____________ and ________ 
_______________ at or near __________ __________________. 

 

There is a __________________ between ________________ and ___________ 
___________________, and _______________ and plate boundaries. 

 
 

Convergent Plate Boundaries 
3 Types of Convergent Plate Boundaries: 
• _______________-________________ Convergent Boundary 
• _______________-________________ Convergent Boundary 
• _______________-________________ Convergent Boundary 

 
 

Continent-Continent Convergent Boundary 
 

Geologic features of continent-continent convergent plate boundaries are 
___________ __________________and ___________________. 

 

Large Mountains 
o ______________ mountains are formed from ____________________: when two 

plates are ____________ ________________ and stacked on top of each other. 
 

Examples: 
• __________________ mountains 

o èIndo–Australian Plate ìë Eurasian Plateç   
• _________ in Europe 

o èAfrican Plate ìë Eurasian Plateç   
 
 
 
 



Earth Science 

	 7	

Earthquakes 
o Plates moving past each other do not always __________ ____________.  They may 

be “_________” for long periods of time.  When plates become “____________” a 
tremendous amount of energy is released causing an ___________________.  

o Earthquakes near ______________-_______________ _________________ zones 
can affect large areas.  A large earthquake zone stretches from the Mediterranean to 
Southeast Asia because of these two convergent plate boundaries.   

 
 

Ocean-Continent Convergent Boundary 
 
Geologic features of ocean-continent convergent plate boundaries are ____________, 

___________________, and ______________________. 
 

Trenches 
o _____________________: when one plate goes ____________ another; the plate 

that goes down is subducted; the area where this happens is called a subduction zone.  
o Oceanic trenches: The deep underwater _____________ above the subduction zone 

is called a “____________”  
 

Example: 
§ There is a trench along the west coast of South America, where the ___________ 

Plate is being ________________ under the continent.  It is called the Peru-Chile 
Trench (a.k.a. Atacama Trench or Nazca Trench) and it is 3,666 miles long and 
26,460 feet deep.   

 

Volcanoes (Continental Volcanic Arc) 
o Large chains of _______________ ______________ ranges are found near 

________________________ convergent plate boundaries. 
§ The subducted plate ___________ and then ____________ ________ toward the 

surface underneath the continent.  
§ Magma rises because it is less dense than the surrounding rock. 
§ Magma forms _____________ of __________________, which are mountains. 
§ The “__________ of ___________” around the Pacific Ocean is caused by this 

melting at ___________________ __________. 
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Examples: 
• ___________ Mountains in South America 

§ èNazca Plate îç South American Plateç  
Ø Cotopaxi (Ecuador) 
Ø Calbuco (Chile) 
Ø Aconcagua (Argentina) 

 

• Coastal mountain ranges in the Western United States: 
o Coast of _________ and ____________ (Cascadia Subduction Zone)  

§ èJuan de Fuca Plate îç North American Plateç 
Ø Mount Saint Helens (Washington, U.S.) 
Ø Mount Rainier (Washington, U.S.) 

 

Ocean-Ocean Convergent Boundary 
 

Geologic features of ocean-ocean convergent plate boundaries are ___________, 
______________, and _________________. 

 

Volcanoes (Island Arc Volcanoes) 
o One oceanic ___________ is ___________________, when it reaches a depth, 

which is hot enough to melt rock, the plate ____________.  
o Molten rock (____________) from the subducted plate _______ and _____________ 

the crust, forming a series of ___________________.  
o These volcanoes can make a _________ of islands called an "__________ _______". 
o Island Arcs are formed on the ______________ ________ of a subducted plate.  
o In ______________ the Island arc and subducted plate there is always a _________.  
o The “_______ of ________” around the Pacific Ocean is caused by this __________ 

at ____________________ _________ and is marked by deep ___________ and 
island _________ that ___________ the Pacific Ocean ____________. 
 

Examples: 
• _____________ (Honshu Belt) 

o èPacific plate îç Eurasian Plateç  
Ø Mount Fuji 
Ø Mount Onataki 

• __________-__________________ arc system (Tonga Trench) 
o èPacific plate îç Indo–Australian Plateç  

Ø Raoul Island 
• North Sumatra province, _______________________  

o èIndo–Australian Plate îç Eurasian Plateç  
Ø Mount Sinabung  
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Trenches 
o Subduction: when one plate goes ___________ another; the plate that goes down is 

________________; the area where this happens is called a subduction zone.  
o Oceanic trenches: The __________ underwater _____________ above the 

subduction zone is called a “_____________”  
 

Examples: 
• The Mariana Trench or _________________ Trench is the ______________ part 

of the world's oceans. Located in the western Pacific __________ of the 
_________________, it is ____________ feet deep and __________ miles long. 

• The _____________ ____________ is an oceanic trench located in the 
southwest Pacific Ocean.  It is ____________ feet deep and runs ________ miles 
between _______ ______________ and the Tonga Islands.  

 
 

Subduction Earthquakes  
• Plates moving past each other do not always slide smoothly.  They may be “stuck” 

for long periods of time.  When plates become “_____________” a tremendous 
amount of ___________ is _______________ causing an ________________.  

• Earthquakes in subduction zones can be shallow, near the trench, and as deep as 
hundreds of kilometers. 

• _______________ earthquakes: subduction zone earthquakes are the most powerful 
earthquakes in the world, and are the only type that can produce earthquakes of 
magnitudes greater than 8.5 on the Richter scale.   

• These megathrust earthquakes can generate _______________, which are highly 
______________ ________ that move across the surface of the ocean at high speeds.  

• Megathrust earthquakes and tsunamis are common around the __________ _______. 
 

 
Continental Accretion 
• When two plates meet, and one is subducted, __________ of _______________ are 

_____________ _________ the plate that goes under. 
• The material (layers of _____________) is turned into _______ by heat and pressure. 
• The material makes the _________________ grow ____________. 
• Continents also grow because of ________________ and ___________________. 
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Divergent Plate Boundaries 
 
Geologic features of divergent plate boundaries are _____________,______________, 

_______ ________, _______________, and _________________. 
 

Mid-Ocean Ridges 
o A _________________ ___________ is an underwater mountain system formed as a 

result of _______________ ______________.   
o Mid-ocean ridges typically having a valley known as a rift running along its spine.   
o Mid-ocean ridges are geologically active, with new ___________ ___________ up 

somewhat constantly ________________ the ocean crust from below, ___________ 
the ___________, and causing the _________ along the ridge axes.  

o The magma _________ and ________________ filling in the rifts to form new 
ocean ________ in the form of the igneous rocks __________ and __________. 

o As this process continues the _______________ ____________ and two oceanic 
___________ move ____________ from each other. 

o ___________________ are common along the ridge crests due to ____________ 
forces and along transform ____________ formed from ________________ forces.   

o Volcanoes along the ridge form where __________ ___________ rise to the surface.  
o Mantle plumes are masses of __________-_______-____________ magma that 

ascend toward the surface.   
o For more information refer to Seafloor Spreading in Part 1 of the notes. 
 

Example: 
• The _______-_______________ ____________ (a mid-ocean ridge) 

o South American Plate çè African Plates  
 

• The Mid-Atlantic Ridge is about ______________ miles long and follows a curving 
path from the Arctic Ocean to the southern tip of Africa.  

• It is equidistant from the continents on either side and follows the same __________ 
as the ___________ of the west coast of Africa and the east coast of South America.  

• At some points the mountains of the ridge reach above sea level, thus forming the 
___________ or island groups such as the Azores or _______________. 

• The Azores and Iceland are _____________ islands formed from mantle plumes 
called ______ ________. 
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Rift Valleys 
o A ________ _____________ forms as a result of ___________ ______________ 

between two _________________ lithospheric _____________.  
o The _____________ forces cause a massive block of Earth’s crust to ________ 

down between two surrounding ___________ blocks to create a rift valley.   
o When lithospheric plates ______________ the __________ is ______________ and 

___________________.  The underlying parts of the lithosphere in the mantle also 
diverge.  This spreading action allows magma from the mantle to _________.   

o _________________ form as magma ____________ its way through the thinned 
crust.  This is often due to a rising mantle plume and the result is often a hot spot. 

o ___________________: The forces that are pulling the plates apart break the 
weakened and thinned crust into earthquake-generating _____________. 

 

Example: 
• The _________ ______________ Rift Valley (Africa: Kenya, Ethiopia, Tanzania) 

o African Plate çè Arabian Plate  
• Actually, it’s subsections of the _____________ _________—the ___________, and 

____________ ___________—moving _________ from the ____________ Plate.   
• The East African Rift Valley s formed over large ________ of ___________ magma 

plumes that push the overlying crust up and heat it as well, causing it to __________.   
• This _____________ _______________ of the _____________ causes it to stretch 

providing the ______________ force that causes a rift valley.  
• Rift valleys that have formed in this way are associated with widespread volcanism. 
 
 

Hot Spots  
• _____________ ___________ are masses __________-_______-____________ 

magma that ascend toward the surface.   
• Mantle plumes are narrow columns of magma that sometimes ________ to the 

surface, creating ______ _________. 
• Many hotspots are __________________ with ________________ plate boundaries 

such as mid ocean ridges and rift valleys.  Examples: The East African __________ 
____________, Thingvellir _______________, and the Azores Islands.   

 

• However, other prominent hotspots occur within the _____________ of tectonic 
plates.  In other words they are ______ associated with plate ________________. 
§ These hotspots are mantle plumes that rise through _________________ in the 

middle of tectonic plates, likely due to extension or tension forces (__________).   
§ Only ___-percent of known world volcanoes.   

 

Examples:   
o __________________ National Park 
o ____________ 
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Transform Plate Boundaries 
• ______________ plate boundaries are places where plates slide ________________ 

past each other.  
• At transform boundaries lithosphere is neither ___________ nor _______________.  

Example 
o _________________ ______ _______________ fault is a transform boundary. 

§ Pacific Plate éê North American Plate 
o The part of California to the west of the fault is slowly moving north relative 

to the rest of California.  Los Angeles will not crack off and fall into the 
ocean, as popularly thought, but it will simply creep towards San Francisco at 
about _____ __________________ per ________.  In about ten million years, 
the two cities will be side by side. 

o Earthquakes:  Plates moving past each other do not always slide smoothly.  
They may be “__________” for long periods of time.  When plates become 
“unstuck” a tremendous amount of energy is released causing an earthquake.  

o The San Andreas Fault has caused many powerful and destructive 
_________________ throughout California’s modern history.   

Part 4- More Evidence to Support the Theory of Plate Tectonics 
Seismic Activity and Patterns 
• ________________ __________ ____________: Earthquake studies near ________ 

and island arcs show that the distributions of earthquakes, that have occurred over 
time, in a particular area, form a _____________. This pattern resembles what a 
__________________ plate would look like as it descends into Earth’s mantle at a 
subduction zone.   

Volcanoes & The Andesite Line 
• Some volcanoes produce lavas that form only ____________ and some volcanoes 

produce lavas that produce only _________________.  The distribution of these 
volcanoes reveals a ____________ that supports plate tectonic theory.  

• Laboratory studies have shown that ____________ that contains ___________ can 
form _______________ magma as it melts. 

• A melting basaltic plate at a subduction zone would likely have high water content. 
• The _____________ ________ volcanoes that form on the other side of the trench 

are formed from ___________________ magmas.  
• This is demonstrated throughout the ______________ _________.  Volcanoes 

within the _____________ of the Pacific Plate form from ______________ lavas, 
while island arc volcanoes on the other side of the trenches are nearly exclusively 
formed from _________________ lavas.  This is referred to as the Andesite Line.  

The Global Distribution Pattern of Earthquakes and Volcanoes 
• The _________________ of volcanoes and earthquakes throughout the world creates 

a _______________ that matches the proposed plate _________________.   
• This suggests that these features are the result of plate interaction, thus 

_______________ tectonic ______________.   


