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	Into the Earth
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Using the following color scheme, color the diagram below:
~ color neatly: no going outside the lines — no white showing through the coloring

- Colar the inner core grey - Color the lithosphere yeliow
- Color the outer core red - Color the crust brown

- Color the mantle orange - Color the water surface blue
- Color the asthenosphere brown Color the land surface green

Ocean Crust

Continental Crust
(Note: Thickness of
crust s exaggerated)

Mesosphere

Asthenosphere
Lithosphere



The story of plate tectonics really starts deep within the Earth, so let’s take a look inside first. Although the Earth appears to be made up of solid rock to us surface-dwelling humans, it's actually made up of three distinct layers: the crust, mantle, and core. Each layer has its own unique properties and chemical composition. 

	Crust
The crust is the thin, solid, outermost layer of the Earth. The crust is thinnest beneath the oceans, averaging only 5 kilometres thick, and thickest beneath large mountain ranges. Continental crust (the crust that makes up the continents, of course!) is much more variable in thickness but averages about 30-35 km. Beneath large mountain ranges, such as the Himalayas or the Sierra Nevada, the crust reaches a thickness of up to 100 km.

	Mantle
The layer below the crust is the mantle. The mantle has more iron and magnesium than the crust, making it denser. The uppermost part of the mantle is solid and, along with the crust, forms the lithosphere. The rocky lithosphere is brittle and can fracture. This is the zone where earthquakes occur. It's the lithosphere that breaks into the thick, moving slabs of rock that geologist's call tectonic plates. 

As we descend into the Earth temperature rises and we reach part of the mantle that is partially molten, the asthenosphere. As rock heats up, it becomes pliable or ‘plastic'. Rock here is hot enough to fold, stretch, compress, and flow very slowly without fracturing. Think about the behavior of Silly Putty® and you have the general idea. The plates, made up of the relatively light, rigid rock of the lithosphere actually ‘float' on the more dense, flowing asthenosphere! 


	Core
At the center of the Earth lies the super-dense core. With a diameter of 3486 kilometres, the core is larger than the planet Mars! The core of the Earth is made up of two distinct layers: a liquid outer layer and a solid inner core. Unlike the Earth's outer layers with rocky compositions, the core is made up of metallic iron-nickel alloy. It's hard to imagine, but the core is about 5 times as dense as the rock we walk on at the surface!


PANGEA 
Better known as Continental Drift
	· label each of the continents 

· cut the continents out 

· try to fit them together as they may have been millions of years ago. 


	[image: image2.jpg]



	[image: image3.jpg]




	[image: image4.jpg]



	[image: image5.jpg]




	[image: image6.jpg]



	


[image: image7.png]PERMIAN
225 million years ago

JURASSIC
135 million years ago

adua N

TRIASSIC
200 million years ago

CRETACEOUS
65 million years ago

PRESENT DAY




Putting the pieces together

The Earth is made up of a dozen or so major plates and several minor plates. Tectonic plates are constantly on the move. The fastest plate races along at 15 centimetres (6 inches) per year while the slowest plates crawl at less than 2.5 centimetres (1 inch) per year. 
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You'll notice that most plates are part continental and part oceanic. Take the North American plate, for example. Its western half is dominated by the North American continent, but its eastern half forms part of the Atlantic Ocean basin. In comparison, the Pacific plate is essentially all oceanic.
	The Action is at the Edges!

There are three basic things that can happen where the edge of one plate meets another. The plates can push against each other, producing a convergent plate boundary, the plates can move apart, forming a divergent plate boundary, or the plates can slip past each other side to side, which geologists call transform plate boundaries. Wherever plates grind against each other, you can expect earthquakes. 
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Divergent plate boundaries 
Almost all the Earth's new crust forms at divergent boundaries, but most are not well known because they lie deep beneath the oceans. These are zones where two plates move away from each other, allowing magma from the mantle to rise up and solidify as new crust. 
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Convergent plate boundaries 
This image shows a slice through the Earth at a convergent plate boundary. This view illustrates just one of the ways that plates behave when they collide. In this case, one plate is pulled beneath another (subduction), forming a deep trench. The long, narrow zone where the two plates meet is called a subduction zone. 

The fate of the colliding plates depends mostly on what type of lithosphere they are made of. Plates with thick, buoyant continental lithosphere behave very differently from plates with thin, dense oceanic lithosphere! 
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Transform plate boundaries 
At transform plate boundaries plates grind past each other side by side. This type of boundary separates the North American plate from the Pacific plate along the San Andreas fault, a famous transform plate boundary that's responsible for many of California's earthquakes. 

	

	

	The Action is at the Edges!

There are three basic things that can happen where the edge of one plate meets another. The plates can push against each other, producing a ____________________ _____________________________, the plates can move apart, forming a _________________________________, or the plates can slip past each other side to side, which geologists call ____________​​_____ ________________________. Wherever plates grind against each other, you can expect ________________________. 
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Divergent plate boundaries 
Almost all the Earth's new ___________ forms at divergent boundaries, but most are not well known because they lie deep beneath the ____________. These are zones where two plates move away from each other, allowing ___________ from the _____________ to rise up and solidify as new crust. 

	[image: image15.emf]Convergent plate boundaries 
This image shows a slice through the Earth at a convergent plate boundary. This view illustrates just one of the ways that plates behave when they ______________. In this case, one plate is pulled beneath another (__________________), forming a deep _____________. The long, narrow zone where the two plates meet is called a ______________________________. 

The fate of the colliding plates depends mostly on what type of ___________________ they are made of. Plates with thick, buoyant __________________ lithosphere behave very differently from plates with thin, dense _________________ lithosphere! 


	[image: image16.emf]Transform plate boundaries 
At transform plate boundaries plates ___________ past each other side by side. This type of boundary separates the _______________________ plate from the _______________ plate along the ______________________, a famous transform plate boundary that's responsible for many of ____________________ earthquakes. 


Plate Tectonic Crossword
word list:

plate tectonics 
convection currents
magma

magnetometer

inner core 

outer core


mantle 

asthenosphere


ocean crust
            continental crust

plate


lithosphere

submarine

mid ocean ridge

sonar 

           sea floor spreading boundary

convergent 

            transform 

divergent 



rift valley
            subduction


density

trench


volcanoes
            volcanic arc

            island arc

mountains

earthquakes  
slab pull


friction

magnetic reversal

conveyor belt
granite


basalt

           drilling samples

Mt. St. Helens
mesosphere

            Pangaea

acronym

satellite GPS 
San Andreas fault
            Himalayas

Andes Mtns
ALVIN
                       Juan de Fuca

Philipines/Japan



These words aren’t in this puzzle this year:

fossil
                  petrification


amber

mold


cast
                  tar pits


            freezing

evolution

climate
       pores



sediments(ary)
Land Bridge

probability
       Wegener


Continental Drift

DOWN:

1) The solid iron layer of the Earth is called the ___ core.

2) The giant continent, which broke apart and became all the continents today, was called __.

3) The thickest crust is strangely not the heaviest (densest).  That’s because it is made of less dense 

     igneous rock called granite.  This crust is called ___ crust.

4) Rivers of swirling magma inside the mantle push and pull on the Earth’s crust, much like the wheels 

     push on the belt of a ___ inside a checkstand at the store. 

5) One of the longest transform boundaries in the world is right here in California, which is why we get 

     so many earthquakes.  It is commonly called the ___. (3 words)

6) Scientists learned that the ocean floor was not all made at the same time, because they took ___ 

     samples, and learned that the ocean floor is different ages at different places.

7) When ocean crust gets pushed underneath another ocean crust, the sinking plate melts.  The 

    magma rises upwards through the other ocean crust, creating a chain of volcanic islands, called an 

    island arc.  The ___ (2 words) are two great examples of this.

8) Abbreviation for Missing Link.

10) When ocean crust gets pushed underneath continental crust, the ocean crust melts.  The magma  

      rises through the continental crust, creating a chain of volcanic mountains, called a ___ . (2 words)

11) Type of boundary formed when convection currents cause to plate to come together and collide.

12) As an ocean plate sinks back into the mantle, any crust attached to it will be “pulled” into the 

      mantle as it sinks, like a train engine pulls the cars.  This is called ___ . (2 words)

13) The reason that ocean crust always sinks, and why continental crust doesn’t is because of ___, 

       which means how packed together something’s atoms are.  The more packed, the more dense, 

      and less dense things float on top of more dense things.

16) The most recent theory to explain how continents can move around, and how fossils got on 

      different continents, is called the theory of Plate ___.

17) Scientists are positive that the Earth’s plates are moving apart, and that Mt. Everest is growing 

      taller each year.  They use a device called ___ (2 words?) to take measurements to figure it out.

19) The Earth’s crust is broken into giant pieces that are all touching each other, and all float on top of 

       the asthenosphere.  One of these pieces is called a ___.

22) As the Juan de Fuca plate moves eastward and gets pushed under the North American plate, it 

      melts.  This magma rises up and creates a volcanic arc – a chain of volcanic mountains on the 

      edge of the continent.  The most famous of these volcanic mountains is ___. (3 words)

25) The name of the submarine that scientists used to finally go down to the mid-ocean ridge, 

      and verify (check) that magma was coming out and making new ocean floor, was ___.

26) ___ is the word that means any word made by using the first letters of other words, such as 

      SCUBA, which is made from the letters of Self-Contained Underwater Breathing Apparatus.

27) When two continents crash together, neither continent gets pushed into the mantle, because both 

      are less dense than the mantle.  Instead they will make mountains.  The tallest mountains in the 

      world were made this way, and are called the ___.

29) The place where two plates meet and interact is called a ___.

31) Abbreviation for Emergency Medicine.

33) Continental crust is less dense than ocean crust.  That is because it is made mostly of the igneous 

      rock ___, which is less dense than the ocean floor rock called basalt.

36) When two plates collide, and one plate gets pushed under the other, it rubs and scrapes against 

      the other as it goes down.  This rubbing and scraping creates tremendous heat.  It also generates 

      earthquakes.  This rubbing and scraping is called ___.

37) Together, the lithosphere, asthenosphere and mesosphere make up the layer called the ___.

41) When two plates collide, ocean crust will sink back into the mantle, slightly pulling down the edge 

       of the other plate, creating a V-shaped valley where they meet.  This V-shaped valley is called a 

       subduction zone, but is also known as a ___.  They are some of the deepest places in the ocean.

42) When an ocean crust gets pushed under a continental crust, it melts.  The rising magma burns 

      through the continental crust and creates a chain of volcanic mountains called a volcanic arc.  The 

      most recognized example of this would be the ___ Mountains of Chile & Peru.

ACROSS:

3) Rivers of swirling magma inside the Asthenosphere are caused by hot magma rising, moving 

    sideways when the reach the crust, sinking back down as they cool, and then rising up again when 

    they reheat in the mantle.  These rivers are called ___ (2 words)

8) Sonar helped scientists discover that there was a very long “chain” of underwater mountains in the 

    middle of the Atlantic, and middle of other oceans in the world.  This continuous chain of 

    underwater mountains is called the ___ (3 words).

9) As magma comes out of a mid-ocean ridge, the minerals will cool and harden.  They will also align 

    themselves to point towards the positive North Pole.  But sometimes the positive charge is at the 

    South Pole.  This is know as ___. (2 words)

14) At a mid ocean ridge, convection currents are pulling the crust apart.  Magma is filling in the 

      cracks, helping to push the old crust apart, and making new ocean crust.  This process is 

      called ___. (3 words)

15) Ocean crust is very dense because it is made of an igneous rock that is packed with iron atoms.  

       This igneous rock is called ___.

18) The mantle is divided into three different layers, mostly because they are different densities.  The 

      soft, flexible layer where scientists think convection currents take place, is called the ___.  It would 

      be the “wheels”, if the Earth was a conveyor belt. 

20) After scientists used sonar, magnetometers, and drilling samples to research the ocean floor, they 

      come up with the theory of sea-floor spreading.  But it wasn’t until they sent ALVIN, a type of ___, 

      down to view the mid-ocean ridge, that they realized there really was magma coming out making 

      new ocean crust.

21) Mt. St. Helens is a famous volcano in Washington state.  It is a part of the volcanic mountain 

      range (volcanic arc) called the Cascades, which was formed when the little Juan ___ Plate got 

      pushed underneath the North American Plate.

23) The skinniest crust is strangely the most dense (heaviest).  That’s because it is made of the dense 

      igneous rock called basalt.  It is called ___. (2 words)

24) At every boundary, the plates rub against each other as they move.  This rubbing creates friction 

      and pressure.  This pressure can build, and when it is finally released, creates a shaking of the 

      crust called a(an) ___.

28) When an ocean crust gets pushed under another ocean crust, the sinking plate melts.  The 

      magma rises up through the other ocean crust, making a chain of volcanoes on the ocean floor, 

      called a(an) ___. (2 words)

30) The liquid metal layer of the Earth is called the ___ core.

32) The bottommost layer of the mantle, which many scientists feel plays no part in Plate Tectonics.

34) When two continental plates collide, neither goes down into the mantle because they are both less 

      dense than the mantle.  Instead, they crash together and make ___.

35) When an ocean crust gets pushed down into the mantle, it melts.  The rising magma burns 

      through the crust and forms a structure known as a ___.

38) The device that bounces sound waves off underwater objects to determine their depth.

39) Hot liquid rock, found inside the Earth’s crust, is called ___.

40) A divergent boundary that forms on land will first produce a ___ (2 words).  On the ocean floor, it 

       is the area at the top of the mid-ocean ridge, where the magma is coming out.

43) This type of boundary is formed when convection currents cause the plates to slide sideways next 

       to each other.  It produces a lot of plate rubbing and scraping, and therefore a lot of earthquakes.

44) Type of boundary where convection currents are pulling the crust apart, allowing magma to fill in  

      the space and create new ocean crust.

45) The man who came up with the theory that there was once a giant continent that broke into 

      several large pieces that drifted away.

46) The process where old ocean crust is being pushed down into the mantle by convection currents, 

      where it is being destroyed (melted).

47)The hard, top-most layer of the mantle.  It is considered the “belt”, if the Earth were considered a 

      conveyor belt.
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Answers for Sea-Floor Spreading Activity
[image: image10.emf]
HOW MOUNTAINS ARE FORMED
The drawings below show three ways that mountains can form. Identify

each formation as folded, volcanic, or fault-block. Then provide the

name of a mountain, and describe how the mountains were formed beside

the picture.
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Type: ______________________________ 
Example:___________________________

Describe how it was formed: ___________

___________________________________

___________________________________

___________________________________
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Type: ______________________________ 
Example:___________________________

Describe how it was formed: ___________

___________________________________

___________________________________

___________________________________
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Type: ______________________________ 
Example:___________________________

Describe how it was formed: ___________

___________________________________

___________________________________

___________________________________

Example of Erosion
[image: image20.jpg]


Water Erosion:       The Grand Canyon                            Coast of California
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Glacial Erosion:  Yosemite National Park, California        Matterhorn, Switzerland
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Wind Erosion:    The Grand Canyon                   Wukoki Ruins, Arizona
 
