Cosmic Origins

Meteors are universally fascinating. Not only are they beautiful, but on a more profound level, they connect us with the distant past. That’s because every meteor adds a little more mass to our planet and therefore tells us something about how our earth formed.

If the composition of meteorites is compared to that of the Sun and Earth, we can see that, except for the Sun’s enrichment in lighter elements, they all have about the same composition.  These similarities suggest they all formed from a common source. Physicists have calculated that these elemental abundances are compatible with combining the interstellar medium (mostly hydrogen and helium) with the remains of a ………

….supernova! These cosmic explosions form from dying stars which, by the nuclear fusion of lighter elements into heavier ones, have grown too heavy to support their immense weight.  Such stars therefore collapse upon themselves resulting in intense nuclear fusion which thereby creates the entire periodic table of elements – many of which are highly radioactive.

The Crab Nebula is the most famous and conspicuous known supernova remnant, the expanding cloud of gas was created in the explosion of a star as a supernova which was observed in the year 1054 AD. The supernova was noted on July 4, 1054 A.D. by Chinese astronomers as a new or "guest star," and was about four times brighter than Venus. According to the records, it was visible in daylight for 23 days, and 653 days to the naked eye in the night sky.

When combined with the interstellar medium, the matter within a supernova remnant is capable of forming countless solar systems. Shown here is the supernova remnant in the constellation Vela. 

The Hubble Space Telescope has actually imaged new solar systems….

…forming in the great nebula within the well known constellation of Orion. Let’s take a closer look……

At the center of the Orion Nebula lie 4 enormous hot young stars which are 100,000 times brighter than the Sun!. If one of these were to go supernova the debris would combine with the surrounding nebular material and create conditions similar to that in which our own solar system formed. The Hubble Telescope has found that around a few of the 1000-or-so smaller stars forming in the nebula lie …..

…protoplanetary disks, or as they are sometimes called……

….“proplyds”. These are the nurseries for planet formation. It is within a proplyd like these that our own planet was formed. Most of the matter in our proplyd was made of hydrogen, helium and other low density, gaseous or icy materials. These could not condense to form asteroids (and ultimately planets) towards the proplyd’s hotter center where the Earth formed. Only the much rarer, heavier matter could condense at such high temperatures. 

Apparently most of this heavy material from which the earth was constructed was composed of chondrules, which are roughly millimeter-sized objects composed mostly of silicates (compounds of Si, O and various metals). Their spherical shapes is a function of melting and solidification in zero gravity. The exact origin of chondrules is enigmatic, but several hypotheses link them to the residual debris and heating associated with supernova.

You can see the chondrules in these sectioned chondrites which account for about 80% of all Earth meteorites. The matrix material surrounding the chondrules is composed of fine interstellar dust. Chondrites, in addition to silica, contain the whole suite of major earth elements – Fe, Mg, C, K, Ca, Na and Al. 

More then 90% of all meteorites are stony, and most stony meteorites are Chondrites. Some stony meteorites do not contain chondrules and are therefore called Achondrites. Achondrites are composed of dust and thought to be derived from impacts with the Moon and Mars.

This large lunar meteorite is an example of an Achondrite. 

Here’s another lunar meteorite. Notice the fragmental, brecciated texture formed by the impact which ejected this material from the moon.

Chondrites and other stony meteorites gravitationally accreted into much larger objects called planetesimals which, if enough heat was generated from impact and radioactive decay, would melt.  

Melting allowed the heavier metallic components to separate out from the more common, lighter stony material. This process is analogous to…

...vinegar separating from oil and is called density stratification. 

The large scale layering of the Earth and other planets and planetesimals formed via density stratification.

But embryonic nebular space was an environment rocked by violent collisions.  Sometimes these where strong enough to split open the differentiated planetesimals and eject their metallic cores back into the nebular mayhem. 

It is such collisions that are key to the formation of the metallic meteorites like this fragment of the Canyon Diablo meteorite. The entire meteorite would have probably been about 150 feet in diameter just before it….. 

….smashed into Arizona about 50,000 years ago forming Canyon Diablo. It’s also known as the Berringer Crater after the man who established a mining company to extract an expected  Bonanza of iron ore there. Berringer found surprisingly little iron ore because the size of a meteorite crater is not so much a testament as to the size of the meteor, but rather its kinetic energy, which is largely derived from the meteor’s terrific velocity. 

About 10% of all meteorites are metallic and usually consist of Ni-Fe alloys.  Metallic meteorites are clearly distinguished from terrestrial alloys by the presence of these Widmanstatten patterns.

To produce the long metallic crystals which form the Widmanstatten patterns requires the extremely slow cooling only possible within the cores of differentiated planets and planetesimals. Remember that metallic meteorites represent pieces of these metallic cores fragmented by horrific impacts!

Like most things, there are grey areas. The rarest group of meteorites, the stony-irons, represent incomplete separation of metals from silicates.

These include the beautiful Pallasites which contain lustrous green olivine crystals. Olivine is a silicate mineral rich in iron and magnesium and common within the Earth’s mantle.

When the Earth was very young it suffered a brutal bombardment from meteorites because the proplyd was still littered with asteroids. Furthermore the young Earth lacked an atmosphere…

… which today protects us from the vast majority of meteors by fictionally heating them to the point of vaporization.

But the bigger meteors, known as bolides, often do not completely vaporize…

… and may land intact like this 1000-pound monster from Brenham, Kansas.

Without cutting them open and looking for Widmanstatten patterns, meteorites are distinguished from terrestrial rocks by fusion crusts and pitting formed during their fiery encounter with the Earth’s atmosphere.

Columbia Pictures didn’t get the look exactly right in “Joe Dirt”, but at least they had the general idea.

So it is with this material that we open geologic history. Initially, all Earth rocks were meteorites. Recent meteorites are merely the latest immigrants to our planet and therefore the least assimilated into our “geologic culture”. In the next lesson we will learn how the Earth’s early collection of meteorites evolved into a planet with a core, mantle, crust, ocean, atmosphere and moon.

