Life in the Universe Lecture G 345U

10/11/10 Notes
Julie Gall and Susan Kolibaba
How did we get Earth? How did rest of our solar system form and how do other solar systems form?

We only know from our solar system formation and modeling what we think happens

Not all of our solar system has been explored.

Two main topics

Key Point 1) formation of Earth and solar system is byproduct of our sun forming,

-Involves Astronomy, Meteorites, and planetary science. Meteorites are the building blocks and planetary science for comparison among various planets.
Key concept: Planetary systems form as a byproduct of star formation. (Solar systems are accidental byproducts of stars)
At the point that a star “turns on” whatever is leftover becomes gravitationally attached to the sun

Key Point 2) Evolution of Earth and solar system

-Involves comparative planetology and geoscience.
Key Concept: 1) Location, location, location. 2) Mass matters greatly. Example, moon is essentially a planet but not massive enough to hold onto an atmosphere. But too massive you get a gas giant. 
Earth became Earth because it wasn’t too close or to far from sun.
Solar system formed between 4.5-4.6 billion years ago 
How do we know? Radiometric dating of meteorites. The oldest moon rocks are 4.5 billion years old. Zircon (zircon oxide made grain) granules on Earth 4.5 billion years old. Theses are very tiny and very few, only a handful have been found. 
All the elements in periodic table came from sun formation. Oxygen forms lots of different kinds of molecules, example water and carbon dioxide. Depending on where in nebula these will be gas or solid. Closer to center gas, further out solid as ice vapor and ice carbon dioxide. 
The solid grains are part of the dust of the nebula. Depending on time and location this becomes different things. Pressure and temperature as well.
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We can tell age by what elements were around when universe formed. Supernovas put out both stable and unstable atoms.

Unstable atoms become stable by changing their structure.

Element–Substance that cannot be broken down into another substance by ordinary chemical processes.

Relative abundance of parent and daughter atoms in a mineral or rock indicates how much time has passed since that mineral or rock became a closed chemical system.

Most meteorites are around 4.55 billion years old

Most differentiated meteorites crystallized from magma around 4.55 billion years ago.

Oldest lunar rock ~ 4.55 billion years old

Oldest earth rock ~ 3.96 billion years old
Oldest earth mineral grain (zircon) is ~ 4.4 billion years old

Core formation on earth can be dated indirectly using U/TH/PB isotope at ~ 4.5 billion years old

We are missing about the first half billion years (over 10%) of earth rock data.

-Do we know how earth formed?

The answer is Sort of…
Nebula collapsed, formed disk shape, gas and dust go inward to form protostar, it starts trying to “turn on” and produce nuclear fusion. Solar radiation blows fine gas dust outside the system. It’s densest towards the outside and less dense, but hotter towards the center
The things leftover that didn’t make into our star, but were big enough that they weren’t blown out of our solar system became planets, meteorites, comets, etc. The ovoid turns into disk and begins to emit light. If viewed from mid plane looks opaque because there is the solid matter in the disk. 
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What we know comes from meteorites and modeling. Only hard evidence is from chrondrite meteorites. Chrondites are pieces of asteroid that gathered up the solids of the nebula and never got “processed”.

Inner solar disk hotter and outer is cooler. Makes a difference on planet formation. Inner terrestrial outer gas giants.

There are a few meteorites from Mars and the moon

Lots of different meteorites ~100-200 types

Theory is that all meteoroids started as chrondrites and then “processed” to become all else.

As sun collapsed there were some solids and these were chrondrites. Very small dust grains. The pre solar materials in chrondrites come from exploding novas and red giants.
KEY POINT Presolar material comes from more than one source. These materials are released into the nebula when stars die. We (people) are made from dead stars.
CAIs (Calcium rich inclusions) are part of chrondrites. These would be solid when other minerals would not remain solid at high temperatures

We can use models to measure what is solid at various distances.
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Chondrite (pieces of asteroids that gathered up what was solid in nebula and never processed significantly.)

Most meteorites are derived from parent bodies in asteroids, but it is clear that asteroids represent material that never made it into a larger planetary body.

We know some are from moon and mars.

Designation



Rock Type

Chondrite (stony)


Agglomerate – never melted

All Else (stony, stony-iron, iron) 
Igneous, impact breccias – they were melted at one times
Gas will be densest at the sun but too hot for most things to be solid.

Chondrites were made from whatever was solid in the solar nebula (dust, chondrules, CAI’s) at some location and time.

Chondrites contain extremely small individual mineral grains (dust) some of these grains were solid before the nebula began to collapse (pre-solar grains).  Others condensed from patches of nebular gas that cooled down (nebular dust)

Pre-solar material comes from more than one source.  The material are released into the ISM (interstellar medium) when a star dies.

Peroskite and androthite

Oxygen made minerals found in meteorites (They’re irregular shaped and layered aggregates)

They are the stuff that would have been solid if there was really high temperatures

Noble gasses don’t form a solid.
Chondrules – Molten droplets in space (contain metal, iron sulfide, etc.) they’re so small they don’t separate. They are the circle shapes found in meteorites.
Chondritic texture: an aggregation of chondrules and fine grained matrix first stages in accretion

Chondrites have a solar composition for non-volcanic elements. Composition of chondrites varies (there are14 chondrite groups recognized).
Differentiation – melt- heavy stuff sinks to center (core) light stuff goes to top (metallic)

Iron meteorites – are cores of asteroids.
When something gets hot enough and moves fast enough is differentiates. This is why the core of our planet is hot metal moving really fast, and is covered by different types of rock at different distinct levels.
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Our Earth is differentiated
Core = FeNi Metal

Mantle = ultramafic rock (iron, magnesium, calcium)

Crust = Mafic and felsic rock (oceanic thin, basalt[mafic] continental, silicon, aluminum)

Bulk earth = chondritic
The ocean layer of the crust is thin, and is composed of mafic basal. This is because of all of the underwater rift valleys creating new ocean floors from divergent boundaries. Continental crust is mostly felsic, silicon and aluminum based. 

� � HYPERLINK "http://www.ptable.com/" �http://www.ptable.com/�


�  � HYPERLINK "http://cmapsnasacmex.ihmc.us/rid=1236281421464_713494057_9004/Earth%20Links" �http://cmapsnasacmex.ihmc.us/rid=1236281421464_713494057_9004/Earth%20Links�





� � HYPERLINK "http://www.meteorites-for-sale-meteorite-sales.com/Photos-of-Meteorites/" �http://www.meteorites-for-sale-meteorite-sales.com/Photos-of-Meteorites/�


� � HYPERLINK "http://www.solcomhouse.com/earth.htm" �http://www.solcomhouse.com/earth.htm�
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