Chapter 4:
Earth; Astronomy Starts at Home

Image: APOD 2007 March 25 : http://apod.nasa.gov/apod/ap070325.html
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Earth, the “blue marble”. Our little home in the cosmos. It is one of eight planets in our happy little family and
one of Billions believed to be in our own galaxy.
Important Data (You should know this stuff… Hint hint…):
Age

4.54 Billion years (4.54x109 ( 0.04) yr)

Average Distance to Sun (Orbital Radius)

149,598,261 km (1.5x1011m)
Aphelion: 152,098,232 km
Perihelion: 147,098,290 km

Orbital Period

365.256363004 days (1 year)

Average Orbital Speed (Calculated in Ch 3)

29.78 km/s

Average Radius

6,371.0 km

Equatorial Radius

6,378.1 km

Polar Radius

6,356.8 km

Mass

5.9736×1024 kg

Average Density

5515 kg/m3

Equatorial Velocity

1,674.4 km/h (465.1 m/s)

Surface Gravity

9.805 m/s2 (1.0 g)

Axial Tilt

23°26'21".4119

Atmospheric Composition

78.08% nitrogen (N2)
20.95% oxygen (O2)
0.93% argon
0.039% carbon dioxide

The earth is the third planet from our sun and the only one in the system to harbor life that we know of.
Where Did Earth Come From? The entire solar system – sun, planets, comets, asteroids – all originated at the
same time. Current theory holds that a solar nebula from a star that was here before our own sun partitions a
volume out of a molecular cloud by gravitational collapse, which begins to spin and flatten into a circumstellar
disk and then the planets grow out of that by dirt and dust clumping together in smaller clumps. A nebula
contains gas, ice grains and dust (including primordial nuclides). In nebular theory planetesimals commence
forming as particulate accrues by cohesive clumping and then by gravity. The assembly of the primordial Earth
took 10–20 Million yr.[35]
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Composition The earth is still a dynamic ever-changing monster. It is a common misconception that it is all hard
rock. Nope. We live on the outside of the earth on an extremely thin “crust” that has dried over a few billion
years. The earth is still a huge hot ball of molten rock. The following graphic shows the overall make-up of the
earth itself.

Image Credit: Wiki[36]
Notice the hard crust only goes down to about 35 km (20 mi). After that, it’s lava, Baby. The layers of the earth,
from outside in are crust, mantle, outer core & inner core.

Image Credit: http://volcano.oregonstate.edu
Crust As stated just a minute ago, the crust is the dried and cooled rock that we live on. Think of a piece of sliced
bread. The crust is a very thin layer and very different to the rest. That is exactly like the crust of the earth. While
the rest of the inside of the earth is hot, the crust is cooled and livable.
Mantle This is a very large portion of the earth. It is sometimes split into two sections: inner and outer.
However, there is no big difference between the two. The mantle consists of hot semi-solid rock. It’s a weird
consistency like warm candle wax. It does “flow”, but very slowly. It is not completely solid and not completely
liquid. The temperature of the mantle ranges between 500 to 900 °C (932 to 1,652 °F) at the upper boundary with
[37]
the crust to over 4,000 °C (7,230 °F) at the boundary with the core .
Outer Core This is a region, surrounding the inner core, of very hot liquid metal; mostly iron, nickel, and some
sulfur. The temperature of the outer core ranges from 4400 °C (8000 °F) in the outer regions to 5800 °C (10,000
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°F) near the inner core. Since this metal is so hot, it actually exists in the form of ions, charged atoms. You Chem
folks know what that means. You Fizzix Folks know what causes magnetic fields; moving charged particles. So,
guess where our magnetic field comes from? Yep, the Outer Core.
Inner Core It wasn’t till 1971 when the composition and density of the inner core was determined. The inner core
is made of an iron-nickel alloy. It is a liquid, but it is under so much pressure from all the rest of the earth crushing
down on it that it behaves like it’s a solid. The temperature of the inner core is now measured to be hotter than the
o
surface of the sun at an incredible temperature of 6400 C.

Differentiation You notice from the chart above that the lower you go from the earth’s surface the denser the
material gets. The crust has an average density of 2.5 and the inner core is 13. Why? Simple. While the earth
was forming, it was all molten material; no dried floating sections at all. So, being a liquid through and through,
the heavy more dense stuff sank to the middle. Over time, Millions of years, the center became the place where
all the heavy stuff ended up.
Heating of Core It is quite understandable that while the earth was forming and being bombarded by meteors,
comets and asteroids continually, the earth was a hot hot place. So, why did it never cool down? Mars did. Our
own moon did. The answer is radioactivity. The earth contains a vast amount of Uranium 238, natural stuff.
However, it does decay and create heat in its immediate area. So even if the earth wanted to cool down, the
amount of radioactive decay inside the earth keeps it hot.
Earth's internal heat comes from a combination of residual heat from planetary accretion during
formation (about 20%) and heat produced through radioactive decay (80%).[38] The major heat-producing
isotopes in the Earth are potassium-40, uranium-238, uranium-235, and thorium-232.[39]
Plate Tectonics This is a tough one to teach. You can’t “see” it or “touch” it. You just have to look at the data and
the past. As mentioned earlier, the crust is a thin layer of dried cooled rock. It actually floats on the more dense
mantle; crust has density of 2.5 and mantle has density of 5. You should know what causes floating, right? A cork
floats on water because it is less dense than water and will displace less water. Ice floats on water because its
density is roughly 0.9 while water is 1.0.

Image Credit: FreeWebs.com
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Take a look at the above image. This is exactly what I was just stating; the rock plates we live on are simply
floating on the hot dense rock of the mantle. We float along not much differently than an empty soda can on
ocean currents.
So, the continents are simply big hunks of rock that float on the mantle. Floating things move with the flow of
the liquid they are on. The mantle flows slowly so the crust moves slowly. There are 6 or 7 main crust sections
called plates. The term plate tectonics means the study of the motion of these plates.
Have you ever heard of the Supercontinent Gondwannaland? Pangea? Pandora? Oops, wrong world…

Supercontinent Pangea showing outline of the modern continents. Source: WikiCommons.
Geologists have reason to believe this supercontinent formed around 300 Million years ago. Due to the constant
motion of the mantle underneath this crust, it broke apart and drifted around 200 Million years ago. What we
see today is simply where these continents are on their wild trip around the world. One of the main reasons is
the fossil records that overlap seemingly impossible areas.
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Snider-Pellegrini Wegener fossil map; WikiCommons
Note that the same fossils were showing up in a straight line from South America through Africa. This one could
be explained by saying the Atlantic Ocean wasn’t there forever. Fair enough. However, what about the common
fossils that showed up through the brown and green patch? Can’t be explained any other way other than to say
they were once joined.
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Now, if this floating rock stuff has been going on for 200 Million years, is it still happening and will it happen in
the future? Yes and Yep! It is still happening. Take a look at the image below. It represents where the continents
will be in another 250 Million years; back together again. Still a better love story than Twilight.
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So, why is the study of plate tectonics so important? Earthquakes and volcanoes, that’s why. Since these rock
plates are all moving in slightly different directions, they keep banging into or rubbing against each other. These
bangings and rubbings are what we call earthquakes. Also, most volcanoes are located at the plate boundaries
where the magma from the mantle can leak through to the surface. Take a look at the plate map:
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Image Credit: WhyBecauseScience.com [40]
Notice the major plates pictured above are all moving in different directions? At the boundaries of these rock
plates there is a tremendous amount of stress and strain. These stresses build up over time and when it
releases, boom! Earthquake. Case in point is the devastating Japan earthquake of 2011. I have a full
presentation on this earthquake and resulting tsunami here. Let’s take a close look at the boundaries between
these plates. The following image and description are stolen directly from the USGS website[43].

Chapter 4 P a g e | 9

Using the Diagram to Discuss How Plate Tectonics Works
To learn more about how plate tectonics work, start at the diagram (available as a pdf) and explanation
labeled (1). Although this diagram shows the interaction between continental and oceanic plates, the
processes illustrated generally apply for the interaction between two oceanic plates.
There are two basic types of LITHOSPHERE: continental and oceanic. CONTINENTAL lithosphere has a low density
because it is made of relatively light-weight minerals. OCEANIC lithosphere is denser than continental lithosphere because
it is composed of heavier minerals. A plate may be made up entirely of oceanic or continental lithosphere, but most are partly
oceanic and partly continental.
1.
2.

3.
4.

5.

Beneath the lithospheric plates lies the ASTHENOSPHERE, a layer of the mantle composed of denser semi-solid rock.
Because the plates are less dense than the asthenosphere beneath them, they are floating on top of the asthenosphere.
Deep within the asthenosphere the pressure and temperature are so high that the rock can soften and partly melt. The
softened but dense rock can flow very slowly (think of Silly Putty) over geologic time. Where temperature instabilities
exist near the core/mantle boundary, slowly moving convection currents may form within the semi-solid asthenosphere.
Once formed, convection currents bring hot material from deeper within the mantle up toward the surface.
As they rise and approach the surface, convection currents diverge at the base of the lithosphere. The diverging
currents exert a weak tension or “pull” on the solid plate above it. Tension and high heat flow weakens the floating,
solid plate, causing it to break apart. The two sides of the now-split plate then move away from each other, forming a
DIVERGENT PLATE BOUNDARY.
The space between these diverging plates is filled with molten rocks (magma) from below. Contact with seawater cools
the magma, which quickly solidifies, forming new oceanic lithosphere. This continuous process, operating over millions
of years, builds a chain of submarine volcanoes and rift valleys called a MID-OCEAN RIDGE or an OCEANIC
SPREADING RIDGE.
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6.
7.

8.
9.

10.

11.

12.

13.

As new molten rock continues to be extruded at the mid-ocean ridge and added to the oceanic plate (6), the older
(earlier formed) part of the plate moves away from the ridge where it was originally created.
As the oceanic plate moves farther and farther away from the active, hot spreading ridge, it gradually cools down. The
colder the plate gets, the denser (“heavier”) it becomes. Eventually, the edge of the plate that is farthest from the
spreading ridges cools so much that it becomes denser than the asthenosphere beneath it.
As you know, denser materials sink, and that’s exactly what happens to the oceanic plate—it starts to sink into the
asthenosphere! Where one plate sinks beneath another a subduction zone forms.
The sinking lead edge of the oceanic plate actually “pulls” the rest of the plate behind it—evidence suggests this is the
main driving force of subduction. Geologists are not sure how deep the oceanic plate sinks before it begins to melt and
lose its identity as a rigid slab, but we do know that it remains solid far beyond depths of 100 km beneath the Earth’s
surface.
Subduction zones are one type of CONVERGENT PLATE BOUNDARY, the type of plate boundary that forms where
two plates are moving toward one another. Notice that although the cool oceanic plate is sinking, the cool but less
dense continental plate floats like a cork on top of the denser asthenosphere.
When the subducting oceanic plate sinks deep below the Earth’s surface, the great temperature and pressure at depth
cause the fluids to “sweat” from the sinking plate. The fluids sweated out percolate upward, helping to locally melt the
overlying solid mantle above the subducting plate to form pockets of liquid rock (magma).
The newly generated molten mantle (magma) is less dense than the surrounding rock, so it rises toward the surface.
Most of the magma cools and solidifies as large bodies of plutonic (intrusive) rocks far below the Earth’s surface.
These large bodies, when later exposed by erosion, commonly form cores of many great mountain ranges [such as the
Sierra Nevada (California) or the Andes (South America)] that are created along the subduction zones where the plates
converge.
Some of the molten rock may reach the Earth’s surface to erupt as the pent-up gas pressure in the magma is suddenly
released, forming volcanic (extrusive) rocks. Over time, lava and ash erupted each time magma reaches the surface
will accumulate—layer upon layer—to construct volcanic mountain ranges and plateaus, such as the Cascade Range
and the Columbia River Plateau (Pacific Northwest, U.S.A.).

Key points and summary of above:
1. #4 & #5: Hot magma from mantle rises, hits surface crust rock and makes it move. One to right, one to
left.
2. #6 is in middle of Atlantic Ocean; new rock being formed all the time.
3. #8 & #9 is where two plates are rubbing against each other; earthquakes!
4. #10 is where the crust cooled rock is forced downward. It then melts in the increasing heat of the
mantle and gets recycled.
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Blank World Map. This will be used during your LAB on Plate Tectonics.
Guess where all the earthquakes and volcanoes occur? Let’s find out.

Earthquake map of 1995. Image Credit: USGS
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Earthquake map of 1996. Image Credit: USGS

Earthquake map of 1997. Image Credit: USGS
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Earthquake map of 2011. Image Credit: USGS

Earthquake map of 2012. Image Credit: USGS
http://quakes.globalincidentmap.com/
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So, we see that almost all the earthquakes and volcanoes are located at the plate boundaries. So, when you plan
your retirement, stay away from the Ring of Fire; the circle of volcanoes and earthquakes around the Pacific
Ocean. Did you see Pacific Rim?
Atmosphere So, how in the world (pun intended again… I crack myself up! Oooo, I did it again…) did we get an
atmosphere? Outgassing. Sounds like a serious medical problem after eating Mexican food, I know. Volcanoes
will belch out huge amounts of gases. A typical volcanic eruption will belch up hundreds of metric tons of gases
that include carbon dioxide (CO2), carbon monoxide (CO), water vapor (H2O), sulfur dioxide (SO2), and even
some oxygen (O2). For the Early Earth, extreme volcanism occurred during differentiation, when massive heating
and fluid-like motion in the mantle occurred. It is likely that the bulk of the atmosphere was derived from
degassing early in the Earth's history. The gases emitted by volcanoes today are in Table 1 and in Figure.
Composition of volcanic
gases for three volcanoes
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Mt St Helens, Washington 1980

Fourpeaked Volcano, Alaska; Constant outgassing. Image Credit: Nat Geo[45]

Oceans Most of the water we have came from comets. Yes, we weren’t born with water. Keep in mind, the early
earth was a mass of molten rock much hotter than it is today. Water didn’t have a chance. Over time and over a
Bajillion comet collisions, we got water. Comets are nothing more than dirty snowballs, so each comet collision
brought more ice/water to the surface. Now, you might think we have lots of water. Not so much. Take a look at
the graphic below.
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Image Credit: APOD - http://apod.nasa.gov/apod/ap120515.html
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Chapter 4 Resources
Powerpoint: http://dtfizzix.com/AstroPPTs.html
DIRECT LINKS: Full PPTX - http://dtfizzix.com/PPTs/Ch5-Earth-PST.pptx
PDF Format (Smaller) - http://dtfizzix.com/PPTs/Ch5-Earth-PST.pdf
Narrated Video - http://dtfizzix.com/PPTs/Ch5-Earth-FLV/
Homework:
http://dtfizzix.com/AstroHWSchedule.html
LABS:
Plate Tectonics
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