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.3 Asteroids

steroids are by far the most abundant named
jects in the Solar System. Over one hundred
ousand asteroids have been detected, with over
ty thousand having well determined orbits,
st of these occupying the asteroid belt
ween about 2 and 4 AU from the Sun (between
orbits of Mars and Jupiter, Figure 7.7). The
| mass of all the bodies in the current asteroid
is only about one-thousandth of an Earth
, although originally, a few Earth masses of
rial would have been available in the solar
lla in the region. In the 19th and early 20th
ries, astronomers thought that the asteroid
epresented fragments of a single planet
| had somehow disintegrated
rophically. However the asteroids are now

it to represent fragments of many small
ary bodies that never managed to accrete
1e single body. This is due to the strong
tional influence of the newly formed Jupiter
g up’ the asteroid population, causing
s which would repeatedly break up the
nd so impede the formation of one single

.7 (a) A representation of the asteroid belt. It
at the asteroid belt is actually a diffuse
warm of orbiting bodies. (b) A cross-
rough the belt, shown on the same scale.
al asteroid shown moves in an orbit
the ecliptic plane, so that sometimes it is
nd sometimes below. You can imagine that
between asteroids will be quite common.



Figure 7.9 The orbits of known
Potentially Hazardous Asteroids
(PHAs). The orbit of Earth is also
shown.

[F=

The very fact that we see NEAs today means that the NEA population is being
continually replenished, and this happens because of the orbital evolution of objects
in the inner asteroid belt. The long-term gravitational effects of Jupiter (and even
Mars) give rise to a slow ‘conveyor belt’, which delivers bodies to the inner Solar
System (although you should also appreciate that it can be a two-way process —
bodies that are already in the inner Solar System can evolve outwards again). Some
of the objects that make it into the inner Solar System might eventually hit one of
the terrestrial planets.

The largest main belt asteroid, discovered in 1801, is (1) Ceres (pronounced ‘series’)
which has a diameter of 913 km. The next biggest is (2) Pallas, with a diameter of
523 km. (Note that the asteroids are numbered, and so the full name is, for example,
(1) Ceres, although often, you will see only the name being used.) As we go smaller
and smaller, the asteroids become more numerous. So while there is only

1 asteroid larger than, say, 600 km (i.e. Ceres), there are 7 larger than 300 km,

81 larger than 150 km, and so on. Note that for each reduction in size the number
rises steeply. This behaviour is described by a size distribution. This concept will
sound familiar to you after considering impact crater size—frequency distributions in
Chapter 4 (Box 4.1). It is exactly the same concept, except we are now thinking in
terms of asteroid diameter rather than crater diameter.



Figure 7.10 shows the cumulative size distribution of known asteroids in the asteroid
belt. We see that there are many more small asteroids than large ones. The data
‘flattens out’ at small sizes (10 km or smaller) but this partly due to observational
selection; we simply have not yet discovered all the small asteroids. The gradient of
the dashed line in Figure 7.10 is significant when considering where most of the
material in the asteroid belt is concentrated. In other words, we could ask, is most of
the material (i.e. the mass) to be found in the few largest asteroids, or is most of it
distributed amongst the numerous small bodies? It turns out that, if all the data
followed the same slope as the dashed line shown in Figure 7.10, the total mass of . ;
objects contained in each logarithmic diameter step would be approximately the same. ‘
)
\

For example, the total mass of all asteroids with diameters between 1 and 10 km
would be the same as those with diameters between 10 and 100 km. If however the
slope of the data was shallower than the dashed line (i.e. more towards the horizontal),
this would indicate that the largest bodies accounted for most of the mass contained in
the asteroid belt. Conversely, if the data were steeper than the dashed line, most of the
mass would be contained in the smaller bodies. The data in Figure 7.10 lies close to
the dashed line in the middle region of the plot, but if we were to take all the data
together, a best fit straight line would be somewhat shallower than the dashed line.
Thus most of the mass in the asteroid belt is concentrated in the few largest asteroids.

As many of the impact craters seen on planetary bodies are caused by the impact of
asteroids, it follows that the impact crater size distribution must broadly reflect the
asteroid size distribution in some way. So if we expect a large asteroid to make a large
crater, and a small asteroid to make a smaller crater, then because there are far more
small asteroids, we would expect to see far more small impact craters on planetary
surfaces. Indeed, this is what you found in Chapter 4, with the crater size—frequency
distribution.
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cumulative number of asteroids

100 F s Figure 7.10 The cumulative size distribution of the known
e (‘)2 ' T (‘)3_ bodies in the asteroid belt, plotted logarithmically. The graph
} &Lt : tells us the number of asteroids that have diameters greater

than a given value.
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Figure 7-10. (a) Nomenclature of a comet. (b) Comet Kohoutek, showing the same features,
with minimal separation of Type | and Type Il tails. (NASA, Lunar and Planetary Laboratory, University
of Arizona)

carbon and probably organic compounds (Sagdeev and
others, 1986), though no life is expected to have evolved
there.

In summary, a typical comet nucleus is now believed
to be mostly ice by composition (frozen H,O and other
volatiles) but impregnated with black sooty carbonaceous

INTERPLANETARY WORLDLETS: ASTEROIDS AND COMETS

Figure 7-11. Spiral and fountainlike
jet forms are seen near the nucleus of
Halley's comet as jets of gas and dust are
emitted from the rotating nucleus and
blown back (to the right) by the solar
wind. These photos were made on
different days as the comet passed near
Earth in 1910, but the jets were re-
vealed only in 1984 when astronomers
Z. Sekanina and S. M. Larson used mod-
ern image processing techniques to en-
hance low contrast detail. Streaks are star
images, trailed by long exposure. (Cour-
tesy S. M. Larson, Lunar and Planetary
Laboratory, University of Arizona)

and CHON particles. Just a small percentage of the sooty
material, scattered through the comet ice, could make
even the “fresh ice surfaces” appear very black. As the
ice sublimes at the surface of a comet, during passes near
the sun, the ice/soil ratio in the surface layers probably
decreases, leaving an even darker surface regolith of
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