
SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL PLANNING GUIDE
	Content Area:  Science
	Science  Eighth Grade                            

	Recommended  Days of Instruction:  3
	(one day equals 55 min)

	Standard(s) addressed:  8-3

	The student will demonstrate an understanding of materials that determine the structure of Earth and the processes that have altered this structure. (Earth Science)

	Earth’s Structure and Processes

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	8-3.1 Summarize the three layers of Earth – crust, mantle, and core – on the basis of relative position, density, and composition.

	SC Science Standards Support Document
https://www.ed.sc.gov/apps/cso/standards/supdocs_k8.cfm
SC ETV Streamline

http://etv.streamlinesc.org
What's Inside the Earth?: An Introduction to the Earth's Interior, Crust, and Mineral Resources
http://player.discoveryeducation.com/index.cfm?guidAssetId=2EB32F3F-5D7E-43D6-AF77-3CF4C3B8C5C2&blnFromSearch=1&productcode=US
Students will see how the earth’s interior consists of several different layers; the outer shell broken into more than a dozen moving plates; the crust criss-crossed by cracks called faults. The end results are mountains, volcanoes, earthquakes, various types of rocks, geysers and hot springs. The earth has provided and continues to provide oil, gold, silver, copper, diamonds, rubies, emeralds, salt, iron, granite, marble and much more.
Discoveries with Bill Nye: Earth Science
http://player.discoveryeducation.com/index.cfm?guidAssetId=E936D178-9D65-4CE6-886F-E10C84062305&blnFromSearch=1&productcode=US
Inside Our Planet — Examines Earth’s inner and outer cores. Exploring the Earth — Illustrates plate tectonics. Earth’s Atmosphere — Describes Earth’s magnetic field and the effects of cosmic radiation. Earth’s Climate Changes — Examines global warming and Earth’s periodic ice ages. Rocks of Ages — Analyzes the methods scientists use to date rocks and minerals.
National Park Service 

http://www.nps.gov/brca/forteachers/earthsystemactivity9.htm
Layers of the Earth Rap Song http://www.educationalrap.com/song/layers-of-the-earth.html  

Layers of the Earth  http://www.geography4kids.com/files/earth_intro.html
The Interior of the Earth” by Eugene C. Robertson.  http://pubs.usgs.gov/gip/interior/

	See Module 8-3.1.
Lesson A – “Identifying the layers of the Earth through modeling”

Lesson B – “Classifying Earths layers by Density”

Lesson C –“Comparing Earth’s Layers”
	From the Science Support Document

The objective of this indicator is to summarize major points about the layers of Earth; therefore, the primary focus of assessment should be to generalize major points about the crust, mantle, and core of Earth.  However, appropriate assessments should also require students to compare the layers; classify by sequencing the layers using property information; or identify the layer with a certain set of properties.  
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From the South Carolina Science Support Documents:

8-3.1 Summarize the three layers of Earth – crust, mantle, and core – on the basis of relative position, density, and composition.

Taxonomy level: 
2.4-B Understand Conceptual Knowledge

Previous/future knowledge: Students in 3rd grade (3-3.5, 3-3.6) focused on Earth’s surface features, water, and land. In 5th grade (5-3.2), students illustrated Earth’s ocean floor. The physical property of density was introduced in 7th grade (7-5.9). Students have not been introduced to areas of Earth below the surface. Further study into Earth’s internal structure based on internal heat and gravitational energy is part of the content of high school Earth Science (ES-3.2).

It is essential for students to know that Earth has layers that have specific conditions and composition.
	Layer
	Relative Position
	Density
	Composition

	Crust
	Outermost layer; thinnest under the ocean, thickest under continents; crust & top of mantle called the lithosphere
	Least dense layer overall; 

Oceanic crust (basalt) is more dense than continental crust (granite)
	Solid rock – mostly silicon and oxygen

Oceanic crust - basalt; 

Continental crust - granite

	Mantle
	Middle layer, thickest layer; top portion called the asthenosphere
	Density increases with depth because of increasing pressure
	Hot softened rock; contains iron and magnesium

	Core
	Inner layer; consists of two parts – outer core and inner core
	Heaviest material; most dense layer
	Mostly iron and nickel; outer core – slow flowing liquid, inner core - solid


It is not essential for students to know specific depths or temperatures of the layers. Students do not need to explain the heat transfer systems within the layers.

Assessment Guidelines:

The objective of this indicator is to summarize major points about the layers of Earth; therefore, the primary focus of assessment should be to generalize major points about the crust, mantle, and core of Earth. However, appropriate assessments should also require students to compare the layers; classify by sequencing the layers using property information; or identify the layer with a certain set of properties.

Teaching Indicator 8-3.1: Lesson A – Earth’s Structures and Processes: “Identifying the layers of the Earth through modeling”
Instructional Considerations: 
This lesson is an example of how a teacher might address the intent of this indicator.  Both the STC kit Catastrophic Events and FOSS kit Earth History provide an opportunity for conceptual development of the concepts within the standard.  This lesson is designed to be used first in sequence for the conceptual development of SC Indicator 8-3.1.
Misconceptions:

Some incorrect believes children often hold include but are not limited to:

· Earth is molten except for its crust

Children often have trouble making the connection to real world from simulations or models; be explicit in asking clarifying questions to ensure lifelong misconceptions are not created. 
Safety Note(s):

Students should know and practice the procedures for fire, glass and chemical safety.  Students should use care when performing this experiment, and be wearing the proper safety equipment including aprons and goggles.   Students should know and practice safe disposal of materials in a laboratory setting.  Due to safety and sanitary reasons, substances that might be considered food elsewhere should NEVER be consumed in the science laboratory setting.
Lesson time:

1 day (1 day equals 55 minutes)
Materials needed: (per groups of 2)
· Chocolate covered cherries, one per student (NOTE: keeping them chilled NOT frozen before using will keep the layers intact)
· Paper plate
· Plastic knives

· Hand lens
· Paper towels, sponges, etc., for cleanup

Focus Question:

What might make up the different Earth layers?
Engage:

1. Discuss as a class what it means to have “layers”.  (Examples may include but are not limited to - layers of clothing in winter, layers of a plant or animal cell (SC Indicator 7-2.1); layers of the earth’s atmosphere (SC Indicator 6-4.1).)
2. How might we consider the earth as a whole in terms of layers?

3. Today we are going to do a “simulation” of the layers of the Earth.  Why might it be necessary to model this instead of the real thing?

Explore:
(NOTE: the suggested questions are an opportunity for the teacher to determine any misconceptions the children might have so be careful about correcting misinformation; use student responses to monitor future discussions in the class so scaffolding of accurate information can occur.)

1. Individually observe closely the chocolate covered candy and record in your notebook (How does it look; how does it feel?).
a. If you pretend that you are standing on the surface of this candy, what would you be standing on? (A – the surface)
b. How does that chocolate shell correspond with the Earth, and what layer are we standing on? 

2. Place the candy in the center of the paper plate. Carefully use the plastic knife to make a small hole in the top of the chocolate coating. Be careful not to cut to deep. Record your observations (How does it look; how does it feel?).
a. What is below the surface of the hard candy shell?
3. Gently cut the candy in half. (Dissecting a chocolate cherry is very messy - the chocolate shell might simply break apart. Using knives with a serrated edge and sawing through the shell might prevent the total collapse of the candy's shell).Record your observations (How does it look; how does it feel?).

a. What part of the candy might be like the Earth’s crust? (A – the outer shell)
b. What about the outer core where is that found?
4. Talk about each layer of Earth as though we are microscopic and standing on the outside edge of the candy. The crust is brittle and is easy to break and is the outer most layer. Under the crust is the mantle; it is flexible and in some places fluid. Next is the outer core, very liquid but dense, just like the cherry.
5. What did you notice about the inner most part of the candy?

a. How might that be similar to the inside of the Earth?

6. Describe the concept of the solid metal inner core and ask the students what part of the candy would be like the inner core. (Usually it is removed before the cherry becomes candy: it is the cherry pit).
7. Draw a diagram of the candy. Add descriptive captions to each layer of your drawing.

8. Why might we have to use this candy as a model / simulation to help us understand what we think the inside of the Earth is like?
9. How do the layers in this model compare to the real layers of the Earth? (Note: some children hold the misconception that if we dig a large enough hole, we can actually get to the core of the earth or even the other side.)
a. What layers of the Earth can we see?

b. What else do we know about the Earth’s crust? 
c. Is the Earth crust completely solid or is it broken like some of our chocolates?

10. Have them explain in their own words, how the Earth is NOT like a chocolate covered cherry and how they know this to be true. (Answer - The Earth is made out of molten and solid rock, it is too large to be eaten, dirt doesn't taste like chocolate, etc.)
11. Use the diagram you created earlier to represent the candy and correlate each layer to what might be found in the Earth.
Explain: 
Earth is composed of five main divisions or layers: atmosphere, crust, mantle, outer core, and inner core.  This lesson will discuss the interactions between the sub-layers and how they affect the crust.
The layer we are most familiar with is the crust. Surprisingly, it is the thinnest layer of the four, despite how massive it seems to us. It is approximately 5 to 40 kilometers thick. There are two types of crust: continental crust and oceanic crust. The continental crust is the layer on which we live. The thicker portion of the crust is the continental portion, and likewise, the thinnest part is oceanic crust. The crust is ridged and brittle, but seemingly solid. This layer corresponds with the chocolate cover of the candy.

The continental crust is much lighter, or less dense, than the oceanic crust. Because the oceanic crust is more dense, it submerges below the lighter continental crust when the two collide. (Both types of crust ride on top of the solid lithosphere, which is considered part of the crust. The lithosphere then rides on top of the weaker, partially molten asthenosphere, which is part of the mantle).

The mantle is the layer second most familiar to us. The mantle in portions is solid and rocky, but also fluid and molten towards its outer edge in places. Because it is partially solid and partially molten, it can be compared to a plastic, solid but flexible like a Pink Pearl Eraser. It is believed to contain convection currents that drive the movement of crustal plates (refer to Floating Continents). As heat rises to the surface, pieces of crust float around like rafts on a pool, taking thousands of years to move. Mantle thickness ranges from 40 to 2900 kilometers. In our chocolate covered cherry analogy, it is the cream or fluid surrounding the cherry under the chocolate.

Below the mantle is the outer core. Scientists believe that the outer core is composed of a molten, metallic layer 2270 kilometers thick. This layer is believed to contain large amounts of nickel. Scientists have been able to determine that it is a liquid by monitoring earthquake waves as they pass through the Earth's core. The waves dissipate as they pass through this layer in a way that indicates it is liquid and not solid. This is the cherry.

If a chocolate covered cherry had a pit, it would be the inner core, a solid iron-rich mass with a radius of 1216 kilometers. At center of the Earth, the pressure from gravity is thought to be so high, that any material in this location would have to be a solid. Scientists believe that the Earth's magnetic fields are related to the orientations of the outer and inner core.

NOTE:  This activity can also be done with a hard-boiled egg. The shell is the crust, cracked and broken. The egg white, solid but flexible is the mantle. The yolk can be correlated with the outer core, though it is not fluid, and there is no inner core correlation. This variation is less messy.
This lesson was adapted from:  National Park Service 

http://www.nps.gov/brca/forteachers/earthsystemactivity9.htm
Extend:

1. Layers of the Earth Rap song: http://www.educationalrap.com/song/layers-of-the-earth.html  (NOTE: to listen to the entire song, it must be purchased)
2. Teaching 8-3.1 Lesson B “Classifying Earths layers by Density”
Teaching Indicator 8-3.1: Lesson B – Earth’s Structures and Processes: “Classifying Earths layers by Density”
Instructional Considerations: 
This lesson is an example of how a teacher might address the intent of this indicator.  Both the STC kit Catastrophic Events and FOSS kit Earth History provide an opportunity for conceptual development of the concepts within the standard.  This lesson has been designed to follow Lesson A “Identifying the layers of the Earth through modeling” for the conceptual development of SC Indicator 8-3.1.
Misconceptions:

Some incorrect believes children often hold include but are not limited to:

· Mass and weight are the same and they are equal at all times

· Mass is a quantity that you get by weighing an object

· Mass and volume are the same

· The density of an object depends only on its volume

· Density for a given volume is always the same

· The density of two samples of the same substance with different volumes or shapes cannot be the same

· All rocks must be heavy

· Earth is molten except for its crust

Children often have trouble making the connection to real world from simulations or models; be explicit in asking clarifying questions to ensure lifelong misconceptions are not created.

Safety Note(s):

Students should know and practice the procedures for fire, glass and chemical safety.  Students should use care when performing this experiment, and be wearing the proper safety equipment including aprons and goggles.   Students should know and practice safe disposal of materials in a laboratory setting.  Due to safety and sanitary reasons, substances that might be considered food elsewhere should NEVER be consumed in the science laboratory setting.
Lesson time:

1 day (1 day equals 55 minutes)
Materials needed: (per groups of 2)
· Containers (large enough to hold an orange floating in water)

· Oranges (2)
· Graduated cylinder

· Triple beam balance

Focus Question:
What makes the layers of the Earth unique?
Engage:
1. Recall what you remember about density from seventh grade.  (SC Indicator 7-5.9 Density is a property that describes the relationship between the mass of a material and its volume.; Substances that are denser contain more matter in a given volume.; The density of a substance will stay the same no matter how large or small the sample of the substance, and therefore, density can be used as a physical property for identification of the substance.) 
2. From Lesson A, SC Indicator 8-3.1, we examined the idea that the Earth was composed of layers of different material.  Dialogue about your hunches as to what those layers are composed of and how their densities might compare.
Explore:

1. First record in your notebooks your thoughts to the following questions:

a. Predict what will happen when you put a whole orange into a container of water.
b. Predict what will happen when you peel the orange and put the orange without its peel into water.
c. Predict what will happen when you put the orange peel into the water by itself.
2. Students will place water in the bowl. (NOTE: the volume of 300 g water = 300 mL therefore the density of water = 1 g/mL; 1 mL = 1 g/cm3.)
3. Students will place the entire orange into the bowl of water and record their observations.  Determine the mass and volume (using the displacement method) of the whole orange and record.
4. Students will then peel in as few pieces as possible.
5. Place the peeling in the bowl of water and record their observations.  How do the results compare to your predictions?

6. Determine the mass and volume of the peeling and record.
7. Place the orange that has been peeled into the bowl of water and record observations.  How do the results compare to your predictions? 

8. Determine the mass and volume of the peeled orange and record.
9. How is the unpeeled orange like the earth (core and crust)?
10. How is the peeling like the crust and the peeled orange like the core?

Explain: 
1. What happens when the students put a whole orange into a container of water?  How do those results compare to the ratio of the mass to volume for the whole orange?  (Answer: The whole orange floats. The density of the orange is less than the density of water; density of water = 1 g/cm3.)
2. What happens when they put the orange peel into the water?  How do those results compare to the ratio of the mass to volume for the orange peel?  (Answer: The orange peel floats because the density of the orange peel is less than the density water.) 
3. What happens when they put the orange without its peel into the water? How do those results compare to the ratio of the mass to volume for the orange without the peel?  (Answer: The orange without its peel sinks. This is because the density of the orange is greater than the density of water.)
4. How does the density of the different layers affect the substance as a whole?
5. How do the layers of an orange look similar to the layers of the earth?  
6. What make the layers of the Earth unique?  (Answer: Density of each of Earths layers are different - The crust is the least dense layer overall; oceanic crust (basalt) is more dense than continental crust (granite); Mantle- density increases with depth or increasing pressure; Core- heaviest material, most dense layer)
7. As we continue our exploration of the Earth, we are going to think about these layers and discuss how their composition (which dictates the density) has also played an important role in helping scientists determine what the layers of the Earth really are as well as locating events such as an earthquake. 
Extend:

1. How might this idea of layering and each layer having different densities compare to the layers of the atmosphere and the densities of air at different altitudes?  (SC Indicator 6-4.1 Compare the composition and structure of Earth’s atmospheric layers (including the gases and differences in temperature and pressure within the layers).
2. For more information about the layers of the Earth:  http://www.geography4kids.com/files/earth_intro.html
3. Teaching 8-3.1 Lesson C “Comparing Earth’s Layers”
Teaching Indicator 8-3.1: Lesson C – Earth’s Structures and Processes: “Comparing Earth’s Layers”
Instructional Considerations: 
This lesson is an example of how a teacher might address the intent of this indicator.  Both the STC kit Catastrophic Events and FOSS kit Earth History provide an opportunity for conceptual development of the concepts within the standard. This lesson has been designed to follow Lesson B “Classifying Earths layers by Density” for the conceptual development of SC Indicator 8-3.1.
Misconceptions:

Some incorrect believes children often hold include but are not limited to:

· Earth is molten except for its crust

Children often have trouble making the connection to real world from simulations or models; be explicit in asking clarifying questions to ensure lifelong misconceptions are not created.

Safety Note(s):

Students should know and practice the procedures for fire, glass and chemical safety.  Students should use care when performing this experiment, and be wearing the proper safety equipment including aprons and goggles.   Students should know and practice safe disposal of materials in a laboratory setting.  Due to safety and sanitary reasons, substances that might be considered food elsewhere should NEVER be consumed in the science laboratory setting.
Lesson time:

1 day (1 day equals 55 minutes)
Materials needed: (per groups of 2)
· Foldable sheet (see attached)
· Colored pencils

· Scissors

Focus Question:

What are the different characteristics of Earth’s layers?
Engage:

1. Introduce the lesson by reminding the students of what they learned in Lesson B; that Earth has three layers that have specific conditions and composition.  The layers are the crust, mantle, and core.  We will further describe them in this lesson on the basis of relative position, density, and composition.
2. Read the article “The Interior of the Earth” by Eugene C. Robertson.  (see attached)  OR download at http://pubs.usgs.gov/gip/interior/
3. While reading, create a three-column chart to collect facts and interesting information about the crust, mantle and core while reading.  
Explore:

1. On the blank representations of Earth’s layers (see attached) color and/or identify the following:
a. Inner Core
b. Outer Core 

c. Lower Mantle 

d. Upper Mantle
e. Oceanic Crust
f. Continental Crust 

g. Ocean 

h. Asthenosphere
i. Lithosphere 

	Depth in Kilometers
	Depth in Miles
	Layer

	0–60
	0–37
	Lithosphere (locally varies between 5 and 200 km)

	0–35
	0–22
	Crust (locally varies between 5 and 70 km)

	35–60
	22–37
	Uppermost part of mantle

	35–2,890
	22–1,790
	Mantle

	100–200
	62–125
	Asthenosphere

	35–660
	22–410
	Upper mantle

	660–2,890
	410–1,790
	Lower mantle

	2,890–5,150
	1,790–3,160
	Outer core

	5,150–6,360
	3,160–3,954
	Inner core


2. Use “Four-Door Book Strategy”, Dinah Zike’s Big Book of Science for Middle and High School, p. 91 to describe the layers of the Earth, using the scale to Earth (1 cm = 100 km).  Students should have 3 facts (including location, position, composition, and density) for each layer, (continental and oceanic crust, lithosphere, asthenosphere, mantle, inner and outer core).
	crust
	outer core
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	identify w/ arrows
	
	
	



outside
inside

Explain:
1. The planet we call Earth has how many main layers? Identify and sequence them from the outside to the inside of the planet? (Answer:  three main layers; crust, mantel, core) 
2. Which is the thinnest layer? (Answer: crust = 30 km)
3. Dialogue as a class on the four most interesting facts about the Earth's Crust.

4. Compare the difference between the continental crust and the oceanic crust? (Answer: continental crust is made of granite and is the surface above the ocean; oceanic crust is made of basalt and is found below the ocean)
5. What is the zone of rigid, brittle rock that is composed of the crust and the upper layer of the mantle called?  (Answer: Lithosphere)
6. Dialogue as a class on the three most amazing facts about the Mantle.
7. What is the top portion of the mantle called?  (Answer: asthenoshpere)
8. Which is the thickest layer?  (Answer: core = 3480 km) 
9. What are two metals found in the Outer Core? (Answer:  iron and nickel)
10.   As you move from the crust downward toward the core, summarize what happens to the density of the materials?  (Answer: the closer you get to the core, the denser the material become)

11.  As you move from the crust downward toward the core, summarize what happens to the states of each matter in the layers?  (Answer:  the crust is solid, the mantle is softened rock, the outer core is slow flowing liquid, the inner core is solid)

Extend:

1. Write a narrative of your own imaginary journey to the center of the Earth. Your narrative should describe the layers of Earth through which you travel and how temperature and pressure change beneath the surface. Remember your essay should have an introduction, body, and conclusion.
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	Introduction

Three centuries ago, the English scientist Isaac Newton calculated, from his studies of planets and the force of gravity, that the average density of the Earth is twice that of surface rocks and therefore that the Earth's interior must be composed of much denser material. Our knowledge of what's inside the Earth has improved immensely since Newton's time, but his estimate of the density remains essentially unchanged. Our current information comes from studies of the paths and characteristics of earthquake waves travelling through the Earth, as well as from laboratory experiments on surface minerals and rocks at high pressure and temperature. Other important data on the Earth's interior come from geological observation of surface rocks and studies of the Earth's motions in the Solar System, its gravity and magnetic fields, and the flow of heat from inside the Earth. 

The planet Earth is made up of three main shells: the very thin, brittle crust, the mantle, and the core; the mantle and core are each divided into two parts. All parts are drawn to scale on the cover of this publication, and a table at the end lists the thicknesses of the parts. Although the core and mantle are about equal in thickness, the core actually forms only 15 percent of the Earth's volume, whereas the mantle occupies 84 percent. The crust makes up the remaining 1 percent. Our knowledge of the layering and chemical composition of the Earth is steadily being improved by earth scientists doing laboratory experiments on rocks at high pressure and analyzing earthquake records on computers. 


The Crust

Because the crust is accessible to us, its geology has been extensively studied, and therefore much more information is known about its structure and composition than about the structure and composition of the mantle and core. Within the crust, intricate patterns are created when rocks are redistributed and deposited in layers through the geologic processes of eruption and intrusion of lava, erosion, and consolidation of rock particles, and solidification and recrystallization of porous rock. 
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Figure 1. The oceanic crust at the island of Hawaii is about 5 kilometers thick. The thickness of the continental crust under eastern California ranges from 25 kilometers under the Great Valley to 60 kilometers under the Sierra Nevada. 


By the large-scale process of plate tectonics, about twelve plates, which contain combinations of continents and ocean basins, have moved around on the Earth's surface through much of geologic time. The edges of the plates are marked by concentrations of earthquakes and volcanoes. Collisions of plates can produce mountains like the Himalayas, the tallest range in the world. The plates include the crust and part of the upper mantle, and they move over a hot, yielding upper mantle zone at very slow rates of a few centimeters per year, slower than the rate at which fingernails grow. The crust is much thinner under the oceans than under continents (see figure above). 

The boundary between the crust and mantle is called the Mohorovicic discontinuity (or Moho); it is named in honor of the man who discovered it, the Croatian scientist Andrija Mohorovicic. No one has ever seen this boundary, but it can be detected by a sharp increase downward in the speed of earthquake waves there. The explanation for the increase at the Moho is presumed to be a change in rock types. Drill holes to penetrate the Moho have been proposed, and a Soviet hole on the Kola Peninsula has been drilled to a depth of 12 kilometers, but drilling expense increases enormously with depth, and Moho penetration is not likely very soon. 

The Mantle

Our knowledge of the upper mantle, including the tectonic plates, is derived from analyses of earthquake waves (see figure for paths); heat flow, magnetic, and gravity studies; and laboratory experiments on rocks and minerals. Between 100 and 200 kilometers below the Earth's surface, the temperature of the rock is near the melting point; molten rock erupted by some volcanoes originates in this region of the mantle. This zone of extremely yielding rock has a slightly lower velocity of earthquake waves and is presumed to be the layer on which the tectonic plates ride. Below this low-velocity zone is a transition zone in the upper mantle; it contains two discontinuities caused by changes from less dense to more dense minerals. The chemical composition and crystal forms of these minerals have been identified by laboratory experiments at high pressure and temperature. The lower mantle, below the transition zone, is made up of relatively simple iron and magnesium silicate minerals, which change gradually with depth to very dense forms. Going from mantle to core, there is a marked decrease (about 30 percent) in earthquake wave velocity and a marked increase (about 30 percent) in density. 

	The Core 

[image: image4.png]



Figure 2. Cross section of the whole Earth, showing the complexity of paths of earthquake waves. The paths curve because the different rock types found at different depths change the speed at which the waves travel. Solid lines marked P are compressional waves; dashed lines marked S are shear waves. S waves do not travel through the core but may be converted to compressional waves (marked K) on entering the core (PKP, SKS). Waves may be reflected at the surface (PP, PPP, SS). 


	The core was the first internal structural element to be identified. It was discovered in 1906 by R.D. Oldham, from his study of earthquake records, and it helped to explain Newton's calculation of the Earth's density. The outer core is presumed to be liquid because it does not transmit shear (S) waves and because the velocity of compressional (P) waves that pass through it is sharply reduced. The inner core is considered to be solid because of the behavior of P and S waves passing through it. 

Cross section of the whole Earth, showing the complexity of paths of earthquake waves. The paths curve because the different rock types found at different depths change the speed at which the waves travel. Solid lines marked P are compressional waves; dashed lines marked S are shear waves. S waves do not travel through the core but may be converted to compressional waves (marked K) on entering the core (PKP, SKS). Waves may be reflected at the surface (PP, PPP, SS). 

Data from earthquake waves, rotations and inertia of the whole Earth, magnetic-field dynamo theory, and laboratory experiments on melting and alloying of iron all contribute to the identification of the composition of the inner and outer core. The core is presumed to be composed principally of iron, with about 10 percent alloy of oxygen or sulfur or nickel, or perhaps some combination of these three elements. 

	[image: image5.png]Data on the Earth's Interior

Density (glem)
Thickness (km)  Top Bottom  Types of rock found
Crust 0 22 - Sici rocks,
- 29 Andesite, basalt o base
Upper mantle 70 34 - Peridotte, elogit, ofivine,
spine, garer. yroxene.
- 4 Porovskito, oxides
Lower mant 2am e
56 silcon oxides.
Outer core 2259 93 - ronvorygen, sulfur,
- 22 ickolaloy.
Ioner cors 1221 128 - Ironsaxygen. sulur
1 ickol

Totalthicknoss 6,401





This table of depths, densities, and composition is derived mostly from information in a textbook by Don L. Anderson (see Suggested Reading). Scientists are continuing to refine the chemical and mineral composition of the Earth's interior by laboratory experiments, by using pressures 2 million times the pressure of the atmosphere at the surface and temperatures as high as 20000C. 


The Structure of the Moon

The Moon, our fellow-traveler in space, has a diameter half that of the Earth's core, and it rotates around the Earth, as all the planets rotate around the Sun, under the force of gravity. Moonquakes of very low energy are caused by land tides produced by the pull of Earth's gravity, and, from analysis of moon- quake data, scientists believe the Moon has two layers: a crust, from the surface to 65 kilometers depth, and an inner, more dense mantle from the crust to the center at 3,700 kilometers. The crust is presumed to be composed primarily of rocks containing feldspar, calcium aluminum silicate, and lesser pyroxene, iron and magnesium silicate; the crust also contains basalt in the mares, which contains less iron and more titanium than earth basalt. The mantle is thought to be made up of calcic-peridotite, containing both pyroxene and feldspar. 

Suggested Reading

Anderson, D.L., 1989, Theory of the Earth: Boston, Blackwell Publications, 366 pages. 
Flint, R.F., and Skinner, B.J., 1977, Physical geology: New York, John Wiley and Sons, 594 pages. 
Press, Frank, and Siever, Raymond, 1974, Earth: San Francisco, W.H. Freeman, 649 pages. 
Robertson, E.C., 1966, The interior of the Earth; an elementary description: U.S. Geological Survey Circular 532, 10 pages. 
Smith, P.J., editor, 1986, The Earth: New York, Macmillan, 248 pages. 
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Career Connections:

Geologists study the composition, processes, and history of the Earth. They try to find out how rocks were formed and what has happened to them since their formation. They also study the evolution of life by analyzing plant and animal fossils.

Volcanologists study the remains of either dead or dormant volcanoes, or monitor volcanoes that are dormant, but may become active or "reawaken.” A significant portion of a volcanologist’s work is also done in the laboratory and office, analyzing rock samples, reading and writing scientific papers, performing computer modeling of various aspects of eruptions, and interpreting the data that they have collected from the field. Basically, the goals of volcanology are to understand how and why volcanoes erupt, how to predict eruptions, their impacts on the history of the Earth and how they may affect humans and their environment. It is also important for volcanologists to be able to interpret and publish/present their findings in such a way that it is easy for the general public to understand.

Seismologists are scientists who study earthquakes and seismic waves. They study the earth movements - like mini earthquakes - that may precede a major volcanic eruption. The

Seismologist may also set up monitoring equipment near to the volcano. The seismologist is an important scientific member of the team in helping scientists predict eruptions. They may be helped in their task in predicting an eruption by the geo-chemist and others who will measure the gases from the volcano.
Standard 8-3: The student will demonstrate an understanding of materials that determine the structure of Earth and the processes that have altered this structure. (Earth Science)





Indicator 8-3.1: Summarize the three layers of Earth – crust, mantle, and core – on the basis of relative position, density, and composition.
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