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the continents were separated from Pangaea (see Section
6-2}. The impact explanation of the Great Dying is not
universally accepted. Ancther possible explanation is a
massive amount of volcanic eruption that darkened the
skies and changed the climate.

Could a catastrophic impact happen again? So
many asteroids cross Earth’s path that scientists agree
that it is a matter of “when” rather than “if.” The
good news is that studies of craters show that larger
asteroids strike Earth significantly less often than do
smaller ones. Although asteroids large enough to cre-
ate Meteor Crater strike Earth about once every
16,600 vears, killer asteroids, like the one that killed

off the dinosaurs, collide with Earth

* Pluto, a KBO and dwarf planet, is au icy world that
may well resemible the moon Triton.

* Other objects orbit the Sun beyond Neptune. For
example, at least 1277 KBO’s have been observed. A few
potential Qort cloud objecrs liave also beeu identified.

Asteroids

* Tens of thousands of belt asteroids with diameters
larger than a kilometer are known to orbit the Sun
hetween the orbits of Mars and Jupiter. The gravitation-
al attraction of Jupiter depletes certain orbits within the
asteroid belt. The resulting Kirkwood gaps occur at sim-
ple fractions of Jupiter’s orbital period.

only once every 100 million years.
The threat of a catastrophic impact
by an asteroid or comet in our life-

How did the Chicxulub

crater move from the Pacific
to the Caribbeau?

* Jupiter’s and the Sun’s gravity combine to capture
Trojan asteroids in two locations, called stable

times, thanlfully, is remote.

9-14 Frontiers yet to be discovered

The years of the Pioneer and Vovager spacecraft were
the first goldeu era of solar system research, We are now
in another such period, with spacecraft either in devel-
opment or already en route te planets, asteroids,
comers, and even, as we will see shortly, ont observing
the weather in space. From studies of solar system
debris, astronomers hope to learn whether life on Earth
was brought here from elsewhere by asteroid or mete-
oroid impacts. They also hope to answer such questions
as the evolutionary history of the space debris; how
much of Earth’s water came here during the planet’s for-
mation and how much landed afterward from comet
impacts; whether the asteroids have sufficiently valu-
able compositions to justify mining them; whether
comets can be harvested to supply water and other
materials for people colonizing the solar system; and
whether the Qorr cloud really exists.

SUMMARY OF KEY IDEAS

» Astronomical objects smaller than the eight planets
are classified as dwarf planets or small solar-system
bodies (SSSBs).

» A variery of other names, including asteroids, comets,
meteoraids, trans-Neptunian objects, Kuiper belt
objects (KBOs}, and Oort cloud objects, overlap with
“dwarf planet” and “SSSB.”

¢ KBOs and Oort cloud objects are trans-Neptunian
objects—they orbit farther from the Sun than the outer-
most planet.

» To date, three objects—Pluto, Ceres, and Eris—have
been classified as dwarf planets.

Lagrange points, along Jupirer’s orbit.

¢ The Apollo asteroids move in highly ellipticai orbits
that cross the orbit of Earth. Many of these asteroids
will eventually strike the inner planets.

Comets

» Many comet nuclei orbit the $Snn in the Koiper belt, a
doughnut-shaped region beyond Ploto. Billions of
cometary nuclei are also believed ro exist in the spheri-
cal Oort cloud Jocated far beyoud Pluto.

s Comet nuclel are fragments of ice and rock often
orbiting at a great inclination to the plane of the eclip-
tic. In the Kuiper belt and Oort cloud they have fairly
circular orbits, When close to the Sun, they generally
move in highly elliptical orbits.

s Asgan icy comet uucleus approaches the Sun, it devel-
ops a luminous coma surrounded by a vast hydrogen
envelope. A gas (or lon) tail and a dust tail exteud from
the comet, pushed away from the Sun by the solar wind
and radiation pressure.

Meteoroids, Meteors, and Meteorites

* Boulders and smaller rocks in space are called mete-
oroids. When a metecroid enters Earth’s atmosphere, it
produces a fiery trail, and it is then called a mefeor. It
part of the object survives the fall, the fragment that
reaches Earth’s surface is called a metcorite.

* Meteorites are grouped in three major classes
according to their compositiou: iron, stony-iron, and
stony meteorites. Rare stony meteorites, called car-
bonaceous chondrites, may be relatively unmodified
material from the primitive solar nebula. These mete-
orites often contain organic bydrocarbon compounds,
including amino acids.

e Fragments of rock [rom “burned-out” comets pro-
duce meteor showers.




* An analysis of the Allende meteorite suggests that a
1 nearby supernova explosion may have been involved
in the formation of the solar system some 4.6 billion
years ago.

* An asteroid that struck Earth 65 million years ago
probably contributed to the extincuon of the
dinosaurs and many other species. Another impact
caused the “Great Dying” of lite 250 million years
ago, Such devastating impacts cccur on average every
100 million years.

WHAT DID YOU THINK?

Are the asteroids a former planet that was
somehow destroyed? Why or why not? No.
The gravitational pull from Jupiter prevented
a planet from ever forming in the asteroid bclt.
Also, the total mass of the asteroids is much
less than even the mass of tiny Pluto, a dwarf
planet.

B How far apart are the asteroids on average?
The distance between asteroids averages 10
million km.

E How are comet tails formed? Qf what are they
made? Ices in comet nuclel are turned into gas
by absorbing energy from the Sun. Debris is
released in this process. Sunlight and the solar
wind push on the gas and dust, ¢reating the tails.

I what directions do a comet’s 1ails point?
~ Comets’ gas tails point directly away from the
Sun; their dust tails make arcs pointing away
from the Sun.

E What is a shooting star? A shooting star is a

piece of space debris plunging through Earth’s
atmosphere—a meteor. It 1s not a star.

Key Terms for Review
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belt asteroid, 259
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coma {of a comet}, 266

dust tail {of a comet),
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dwartf planet, 235

zas (ion) tail, 268

hydrogen envelope, 266

impact cratet, 274

iron meteorite, 277

Kirkwood gaps, 260

Kuiper belt, 264

long-period comet, 271

meteor, 273

meteor shower, 274

meteorite, 273

meteoroid, 273

nucleus {af a comet), 266

Qort cloud, 265

planet, 255
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pressure, 268

short-period comet, 271

Vagabonds of the Solar System
Small Solar-System stony-iron meteorite, 277
Bodies {SSSBs), 255 Trojan asteroid, 261
stable Lagrange points, Widmanstatten patcerns,
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stony meteorite, 276

Review Questions

1. A piece of space dehris that you pick up from the
ground is called a{n}): a. asteroid, b. meteoroid, ¢. meceor,
d. meteorite, e. comet

2. Space debris that is a roughly equai mix of rock and
ice is called a(n): a. asteroid, b. comet, c. meteoroid,
d. meteorite, ¢. meteor

3. Which is the rarest type of wmeteorite in space?
a. irons, b. stony-irons, c. stony meteorites

4. Which part of a comet is solid? a. nucleus, b. halo,
c. gas tail, d. dust tail, e. coma

3. Suppose you were standing on Pluto. Describe the
motions of Charon relative to the horizon. Under what
circumstances would you never see Charon?

6. Descrihe the circumstantial evidence that supports
the idea that Pluto is one of a thousand similar icy worlds
that once occupied the outer regions of the solar system.

7. What role did Charon play in enabling astronomers
to determine Pluto’s mass?

8. Why are asteroids, meteoroids, and comets of special
interest to astronowmers who want to understand the eatly
history of the solar sysrem?

9. Describe the obijects in the asteroid belt, including
their sizes, orbits, and separation.

w2l 10, To test your understandiug of the asreraid
= T . | .

helt, do Interactive Excrcise 9-1 on the Wely,
% You can print out your results, if required.

Sl
11. Why are there many small asteroids but only a few
very large ones?

12. Describe the differcnt chemistries of the twa tails of a
comet.

13. In what directions do comet tails poing, and why?
14. What arc the Kitkwood gaps, and what causes them?

15, What are the Trojan asteroids, and where are they
located?

16. Describe the three main classifications of meteorites.
How do astronomers belicve that these differeur types of
metcorites originated?

17. Why do astronomers belicve that the debris that
create many isolated meteors come from asteroids,
whereas the dehris that create meteor showers are
related to comets?
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