Wednesday 10/13/10

Differentiation:

If an object gets hot enough fast enough, it will differentiate (meaning heavier materials will separate from lighter materials).  In differentiating, the denser material will condense in the middle and ligher rock will rise to the surface.  Such is the case with large chondrites, and Earth.   Below are the 3 steps of differentiation.  These images were found at this website: http://www.indiana.edu/~geol105/images/gaia_chapter_3/earth_differentiation.htm 
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The earth is made of whatever was solid when the earth formed.  The core is made mostly of iron and nickel.  The inner core is solid, the outer core is liquid.  The mantle and crust are silicate in composition.  The mantle is made of dense rock and called ultramafic.  This means it does not have much silica and aluminum and has a higher Al/Fe( Aluminum/iron) ratio compared to other silicate rocks.  (http://en.wikipedia.org/wiki/Mantle_(geology) ) 

The crust is further broken into 2 types: oceanic and continental.  Oceanic crust is mostly mafic (similar to ultramafic except with a little more Si & Al and a little less Fe & Mg) and the continental crust is felsic (which means it has higher silica and Al content with less heavy metals Fe & Mg).   
Crustal rock is made of oceanic crust (thin, very poor in silicon and Al) and continental crust (very rich in silicon and Al)

Solid vs Gas:

So we assume that all of the planets are in some sense “chondritic”, but only solids accreted.  What is solid and what is volatile (gas) depends on 2 things.  1.) the temperature and pressure and 2.) the location where the planet is forming.
1.) First, here is a phase diagram for solids, liquids, and gases.  Not that with decreasing temperature and increasing pressure solids will form.  With increasing temperature gases form and with a little extra pressure onto the added temperature increase, you get liquid.  [image: image4.png]pressure
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http://www.teachersparadise.com/ency/en/wikipedia/p/ph/phase__matter_.html 

2.) Planets form as a byproduct of star formation.  This happens in the protostar in a disk-shaped plane as can be seen in the image below.  Closer to the sun it is hotter and it gets cooler away from the sun.  There is also much higher pressure closer to the sun.   
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http://lasp.colorado.edu/~bagenal/1010/SESSIONS/11.Formation.html 

3.) This is another image showing different types of rock that would form in the system and where.
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FIGURE OV4.6
Heat from the young Sun prevented ice from condensing in the inner parts of the Solar Nebula. The planetesimals—and
ultimately the planets—that formed there are therefore composed mainly of rock and iron.




http://hendrix2.uoregon.edu/~imamura/121/lecture-5/lecture-5.html
Our simple model looks at a snapshot in time and assumes that only rock and metal were solid and available to build planets and asteroids in the inner solar system.  The model also assumes that the outer solar system had both the inner solar system solids as well as solid ices, and so could build more massive planets, icy moons and comets.  The model also predicts that the most massive planets would be able to gravitationally “grab” nebular gas, and so become gas giants. 
The Model and Our System:

Our simple model predicts:
1.) Planets all formed in the same plane orbiting the sun in the same direction.

2.) Rocky/metallic planets should be smallest closest to the sun and largest just before the location where ice becomes solid.  
3.) The largest rocky planet should have formed between Earth and Jupiter referred to as an “ocean planet”.  It should have had a core of Fe and Ni, a mantle of silicates, an outer mantle of layer of solid water ice, and then a layer of liquid ice on the surface.  

4.) The largest gas giant planets form where ice becomes a solid and gas giant planets become smaller the farther you get from the sun
Question: do we wind up with the sort of solar system predicted by our model?

Answer: not quite, but close for our solar system and not at all for recently discovered solar systems around other stars

Facts relating to the model about our system:
1.) The terrestrial planets (rocky/ metallic) do get bigger going from mercury to earth, but then Mars is smaller and there is an asteroid belt instead of a planet between Mars and Jupiter.

2.) There is no ocean planet where the model predicts one

3.) Jupiter is the largest gas giant and the gas giants do get smaller the farther you get from the sun 

The model is missing something.  The answer is based upon a new understanding of planetary formation that when a planet reaches a critical mass, it rapidly becomes Jupiter-sized or larger and is essentially star like (almost entirely H and He) in its compositions.  We think that Jupiter became huge before the terrestrial planets finished forming and that Jupiter’s gravity pulled material out of the region where mars and the asteroid belt are, causing mars to be small and preventing a planet from forming where the asteroids are.  This explains why there is no ocean planet where the model predicts one. 

A hypothetical group of ocean planets has been proposed. These would possibly form around the vicinity of the outer asteroid belt or Jupiter if a planet formed from much less mass than Jupiter or Saturn.  Our model of the interior of Jupiter’s moon Ganymede is similar to (but much smaller in scale) than the hypothetical ocean planets.  (Reminder: Ganymede is slightly larger than Mercury)
Ganymede isa smaller version of one of these “ocean planets”

EXOPLANETS:
We’ve also discovered a lot of planets/solar systems around other stars that don’t look at all like ours.  They typically have large, hot, Jupiter-like planets close to their stars (closer than the models say makes sense).   This is what is shown in the image below.  Why does this happen?? 
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http://lasp.colorado.edu/~bagenal/1010/SESSIONS/11.Formation.html 

1.) Biased technology.  The methods we have for detecting extra solar planets can only find large, hot planets.  There may be millions of solar systems like our own “out there”, but we can’t see them.  
2.) New models now suggest that during star formation planetary material spirals into the growing star. In all of the systems with “hot Jupiters”, any small rocky earth-like planets were swallowed by their stars early on.

In the case of our solar system, the process of star formation stopped early enough that the earth and other terrestrial planets survived. 

Takeaway: The more you look at us the less probable we are.  
OUR SYSTEM’S EVOLUTION OVER TIME

Focusing in on our own system to analyze the differences in our planets.
It is important to remember that the act of planetary formation causes a planet to be hot and to differentiate.  Larger planets will be hotter and smaller ones will be less hot.  
The size and distance from the sun is largely responsible for the differences 
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http://futuristic2u.blogspot.com/                  http://solarsystem.nasa.gov/scitech/display.cfm?ST_ID=425 

Some of the major differences between the terrestrial planets:

1.) amount and type of geologic activity

2.) Presence of a magnetic field

3.) Atmosphere (whether a planet has one and what compositions)

4.) Presence of liquid water on surface
5.) Presence of life

In this lecture she covered Geologic Activity in detail
The major geologic activity we see on the surfaces of planets (mountain building, volcanism, faulting/earthquakes) is the result of the way a planet cools.  Length of time of volcanic activity and planet size go hand in hand for the planets.  The smaller planets cooled faster and so had shorter lives of geologic activity.  Mercury and Mars are no longer volcanically active but Earth and Venus still are.  

There are two ways a planet can cool: with convection and with plumes.  Convection currents will create compression and tension on the surface, creating complex surface geology, whereas a plume will just rise straight up and create what is known as a “hot spot” volcano or flood basalts.   The illustrations below show the differences.  
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http://www.pbs.org/wgbh/aso/tryit/tectonics/intro.html   http://my.opera.com/nielsol/blog/index.dml/tag/earth%E2%80%99s%20interior 
Hot rock rises.  Cold rock sinks.  These create currents of convection as illustrated by the image above.
Yellowstone sits on top of a hot spot above a mantle plume.  The Hawaiian Island chain was also formed because of a mantle plume: as the plates moved over the hot spot, new islands are formed in new places.  If we did not have plate tectonics (which move because of convection) Hawaii might act like the volcanoes we see on Mars, which just grow to enormous sizes.  
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 http://pubs.usgs.gov/gip/dynamic/hotspots.html 
Mercury and the moon are both small and geologically dead, but both appear to have cooled by plumes (we don’t see the kinds of widespread compression and tensional features expected of convection).  Dark spots on moon are flood basalts.  Mars has huge hot spot volcanoes, most notably, Olympus Mons which had billions of years to form.  Mars shows no signs of convection- related compression or tension.   

Both the earth and Venus show surface features indicating that they are cooling by both convection and plumes. In the case of the earth, we cool by mantle plumes and convection currents.  The surface has broken into pieces that move around relative to each other called plate tectonics.
Plate Tectonics:
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http://maps.unomaha.edu/maher/GEOL1010/lecture15/lecture15.html 
Plate tectonics- the brittle surface of the earth (the lithosphere) is broken into pieces (plates) that ride atop a convecting mantle- most earthquakes, volcanism and mountain buildings occur at edges of the plates.
The boundaries between the plates can be of 3 different types, convergent, divergent, or transform.  

Divergent boundaries-Where plates are moving apart

Convergent boundaries-Where plates are moving together

Transform boundaries-Where plates Move sideways along each other.
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Different results occur depending on what types of plates collide or diverge. 

Divergent= when its continental-continental the land rifts apart.  Lower elevations usually form allowing water to fill in such as in the African Rift Valley.  When 2 oceanic plates diverge you get the mid-atlantic ridge where basaltic crust is formed.  
Convergent= ocean-ocean you get an island arc.  Oceanic-continental you get subduction and subduction volcanoes such as the Cascade range.   The ring of fire includes many subduction volcanoes.  Continental-continental you build mountains such as the Himalayan range (which is constantly growing).  

Transform faults- a good example is the San Andreas fault.  It occurs when two plates move laterally across each other. 

All of ocean crust is young because it is denser and it sinks when subducted.  It is constantly created then recycled.  Continental crust cannot be subducted.  

Plate tectonics is obvious from the topography of the earth.  Linear ridges in oceans, linear mountain belts on land, two distinctly different types of crust at different elevations.   This differs from Venus, which does not have linear features.  
VENUS:

On Venus: little or no distinctive linear features, gradual change in elevation apparently all more or less basaltic.  Venus does not have plate tectonics.  Instead, we see localized areas of tension and compression, as well as features not seen on earth (tessera).  
For some reason venus is not breaking up into plates, and the planet does not have a global plate tectonic system (possibly due to lack of oceans , possibly due to a warmer surface temperatures) BUT IT IS clearly convecting in its interior.  
