
EPS 210 – Lecture 9 – Origin of the Solar System, meteorites  and organic compounds.

Summary of The Origin of the Solar System (written by Frank Crary, CU Boulder)

Here is a brief outline of the current theory of the events in the early history of the solar system:

1. A cloud of interstellar gas and/or dust (the "solar nebula") is disturbed and collapses under its own
gravity. The disturbance could be, for example, the shockwave from a nearby supernova.

2. As the cloud collapses, it heats up and compresses in the center. It heats enough for the dust to
vaporize. The initial collapse is supposed to take less than 100,000 years.

3. The center compresses enough to become a protostar and the rest of the gas orbits/flows around it.
Most of that gas flows inward and adds to the mass of the forming star, but the gas is rotating. The
centrifugal force from that prevents some of the gas from reaching the forming star. Instead, it forms
an "accretion disk" around the star. The disk radiates away its energy and cools off.

4. First brake point. Depending on the details, the gas orbiting star/protostar may be unstable and start to
compress under its own gravity. That produces a double star. If it doesn't ...

5. The gas cools off enough for the metal, rock and (far enough from the forming star) ice to condense
out into tiny particles. (i.e. some of the gas turns back into dust). The metals condense almost as soon
as the accretion disk forms (4.55-4.56 billion years ago according to isotope measurements of certain
meteorites); the rock condenses a bit later (between 4.4 and 4.55 billion years ago).

6. The dust particles collide with each other and form into larger particles. This goes on until the
particles get to the size of boulders or small asteroids.

7. Run away growth. Once the larger of these particles get big enough to have a nontrivial gravity, their
growth accelerates. Their gravity (even if it's very small) gives them an edge over smaller particles; it
pulls in more, smaller particles, and very quickly, the large objects have accumulated all of the solid
matter close to their own orbit. How big they get depends on their distance from the star and the
density and composition of the protoplanetary nebula. In the solar system, the theories say that this is
large asteroid to lunar size in the inner solar system, and one to fifteen times the Earth's size in the
outer solar system. There would have been a big jump in size somewhere between the current orbits
of Mars and Jupiter: the energy from the Sun would have kept ice a vapor at closer distances, so the
solid, accretable matter would become much more common beyond a critical distance from the Sun.
The accretion of these "planetesimals" is believed to take a few hundred thousand to about twenty
million years, with the outermost taking the longest to form.

8. Two things and the second brake point. How big were those protoplanets and how quickly did they
form? At about this time, about 1 million years after the nebula cooled, the star would generate a very
strong solar wind, which would sweep away all of the gas left in the protoplanetary nebula. If a
protoplanet  was large enough, soon enough, its gravity would pull in the nebular gas, and it would
become a gas giant. If not, it would remain a rocky or icy body.

9. At this point, the solar system is composed only of solid, protoplanetary bodies and gas giants. The
"planetesimals" would slowly collide with each other and become more massive.

10. Eventually, after ten to a hundred million years, you end up with ten or so planets, in stable orbits,
and that's a solar system. These planets and their surfaces may be heavily modified by the last, big
collision they experience (e.g. the largely metal composition of Mercury or the Moon).

Additional notes on meteorites and organic materials in meteorites (AJB).

The 9 Planets – Mercury, Venus, Earth, Mars (the Inner Terrestrial Planets) and their moons, Jupiter,
Saturn, Uranus, Neptune, Pluto (the Outer Gaseous Planets) (and their moons) form from the solar nebula.



The Asteroid Belt – between the orbits of Mars and Jupiter – a planet does not form – region of small
planets – asteroids forms – debris left over from planetary formation that did not form large planets –
provide very important information about the early solar system.

Asteroid Belt – source of meteorites that hit the Earth.

Significance of meteorites – material that has been unprocessed since it formed at the earliest stages of
solar system formation. Allows us to:

1) Date the age of formation of the solar system – 4.56 billion (4,560,000,000 years).

2) Provides information about the processes that occurred within the accretion disk from which
the planets formed – the solar nebula.

Meteorites – three kinds:

Irons – made of solid iron nickel metal.

Stony irons – made of iron-nickel metal mixed with silicate minerals (minerals made up of
silicon and oxygen with other elements such as iron, magnesium, calcium – e.g. olivine such as
occurs in some volcanic lavas on Earth (e.g. Hawai’i).

Stones – made up largely of silicate minerals with some iron nickel metal.

Very important kind of stone meteorite – chondrites – named because they contain many
millimeter-sized spherules called chondrules (greek – ‘Khondros – granule). Chondrules formed
by the melting of dust at high temperatures in the solar nebula – ‘droplets from a fiery rain’
(Sorby, 1868).

Even more important group – carbonaceous chondrites – contain carbonaceous material – 1-3
percent of total meteorite. Over 400 different organic compounds have been found in meteorites (many in
low concentrations) including 74 different amino acids (monomers that make up proteins), 5 different
bases (the components of nucleotides, the monomers in DNA and RNA), alcohols,  carboxylic acids
(amino acid ingredient), PAHs etc.

Organic compounds formed by a variety of different processes at low temperatures in several
different locations including interstellar space, within the solar nebula and within the asteroid after it
formed. One important reaction process is the Fischer-Tropsch reactions (an important reaction used
industrially to produce complex organic compounds (waxes, etc) from simple organic compounds.
Reaction between carbon dioxide and hydrogen. Forms many different organic compounds.

Outer asteroids (those furthest from sun) appear to be even richer in carbon than any meteorite
samples that we have on Earth. Comets also appear to be very carbon-rich.

We have a major source of organic materials in the solar system in meteorites and comets which could
have supplied the basic building blocks of complex biological molecules to the Earth during its early
history. The ingredients for life were present in the solar system right at its birth!.


