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TABLE 1.1
Physical Characteristics of the Planets and Their Major Satellites

Semi-Major

Axis (AU
for Planets, Orbital Period Rotation
Planetary 10%km for (Days or Period Density Diameter Surface Atmosphere
Body Satellites)  Years §2)) (Days) (gfem®) (km) Composition Composition
Mereury 0.387 87.97 58.65 5.44 4,800  basaltic Na (thin)
Venus 0723 2247 2430R 525 12,104  basaltic CO,
Earth 1.000  365.26 1.00 5.52 12,756  basaltic & H,0 Ng+0q
Moon 384 27.3 27.3 3.34 3476 basaltic None
Mars 1.524  686.98 1.03 3.93 6,787  basaltic CO,
Largest
Asteroids
Vesta 2.362 3.63y 0.22 2.9 520  basaltic None
Ceres 2.768 4.61y 0.38 ? 932 DCS None
Pallas 2.773 4,62y 0.33 4 533 DS None
Jupiter 5.203 11.86 y 0.41 1.3 143,800 H, and He
To 422 157 1.77 3.50 3640 S compounds S0, (thin)
Europa 671 3.55 3.55 3.05 3,130  water ice None
Ganymede 1071 7.15 7.156 1.93 5280  waterice D None
Callisto 1384 16.69 16.69 1.79 4840  waterice D None
Saturn 9.54 29.46 y 0.43 0.69 120,660 H, and He
Mimas 186 0.94 0.94 112 392  water ice None
Enceladus 238 1.37 1.37 1.00 500  water ice None
Tethys 295 1.89 1.89 1.00 1,060  water ice None
Dione 377 274 2,74 1.49 1,120 water ice None
Rhea 527 4.52 4.562 1.24 1,530 water ice None
Titan 1222 15.94 15.9 1.88 5150  water ice C N,
Hyperion 1484 21.3 ? ? 950  water ice None
lapetus 3562 79.23 79.33 1.03 1,436  H,0 ice DCS None
Phoehe 12930 5504 R 04 ? 990  H,0 ice DC? None
Uranus 19.18 84.01y 0.72 1.28 ~ 51,120 H, and He
Miranda 130 141 141 1.35 470  water ice None
Aviel 191 2.52 2.62 1.66 1,150  water ice None
Umbriel 266 4,14 4,14 1.51 1,170 water jce None
Titania 438 8.70 8.70 1.68 1,580  water ice None
Oberon 586 13.46 13.46 1.58 1,520  water ice None
Neptune 30.07 164.79y 0.73 1.64 49,660 H, and He
Triton 365 5838 R 588 2.01 2,700 Npand CH,ice N, CHy
Proteus 118 1.12 1.12 7 400 D Hy0 ice None
Nereid 5562 359.9 ? 7 340 D H,0 ice None
Pluto 39.44 2417.7 6.4 2.06 9284  nitrogen ice N,
Charon 17 6.39 6.4 2.06 1,192  H,0 ice, None

D = dark materials; silicates,

C = carbonaceous matevials
g = silicates
R = retrograde orbit

carbonaceous, or methane
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Figure 3.6

Most asteroids have circular orbits that take them
between the orbits of Mars and Jupiter in an area known
as the asteroid belt. Many other asteroids orbit outside of
the main belt—some across Earth’s orbit. Asteroids were
probably the source of the bodies that impacted Earth
and other planets during their early histories.



Figure 3.8

Gaspra, the first asteroid to be photographed by a
passing spacecraft, shows many of the characteristics we
expect for many other asteroids.
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(A) Accretion of a planetesimal 4.6 billion years ago. (B) Differentiation of interior to form iron core or meta-
morphosed rock 4.4 to 4.6 billion years ago.
(C) Collision and fragmentation 1 to 0.1 billion years ago. (D) Deflection into inner solar system 1.0 to 0.1 billion
years ago.
(E) Further collisions less that 0.1 billion years ago. (F) Impact on Earth today.

Figure 3.15

The evolution of asteroids as meteorite parent bodies is summarized in this diagram.
The events that led to the delivery of fragments of the asteroids to Earth and other inner

planets are emphasized.
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Slit

Violet

Figure 3.8. How a spectrograph operates. The light enters from the left through a
small slit and is concentrated, as in Newton’s experiment (shown in Figure 3.1), by
a collecting lens and projected onto a prism, which disperses the rays of light into
different directions according to their colour. A second lens collects the light dispersed ;
by the prism and produces a band of colour, running from violet to red. If this is ‘
observed from the rear with an eyepiece, the instrument is a spectroscope, but if the
spectrum is allowed to fall on a photographic plate, it becomes a spectrograph
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Figure 3.9. The spectrum of the disk of the Sun, divided into four sections, stretching
from the violet (top left) to red (bottom right). The continuous spectrum is crossed by
thousands of dark absorption lines. The figures are the wavelengths in ten-millionths
of a millimetre. The letters are Fraunhofer’s designation of spectral lines. The Kline
in the violet is a calcium line, which is discussed on p. 94. The C line in the red is the
hydrogen-alpha line
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Fisure 3.4 A solar spectrum with some prominent spectral lines identified.

The wavelength is in angstroms; 3,900 angstroms = 400 nanometers.

Tuble 3.1 The most abundant elements in the solar photosphere.

For each: 1,000,000 atoms of hydrogen
There are: 98,000 atoms of helium
850 atoms of oxygen
400 atoms of carbon
120 atoms of neon
100 atoms of nitrogen
47 atoms of iron
38 atoms of magnesium
35 © atoms of silicon
16 atoms of sulfur
4 atoms of argon

atoms of aluminum
atoms of calcium
atoms of sodium
atoms of nickel
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(A) An original body of primitive composition (carbon-
aceous, outer belt; ordinary, inner belt) forms by accre-
tion.

(B) This small planetesimal is heated by short-lived radio-
activity to the point of mild metamorphism, driving off
some volatiles.

(C) Or perhaps it is heated to the melting point of metallic
iron. Dense segregations of iron drains toward the center
of the body to form a core or several smaller accumula-
tions of metal.

(D) If heating is intense enough, the silicates in the
chondritic interior may melt to produce magma, which
erupts at the surface to produce a thin veneer of lava and
associated intrusive rocks. Eventually, the asteroid cools
as heat is radiated away into space; the core and mantle
become solid. Depending on (among other factors) size,
composition, and distance from the Sun, for a specific
asteroid this differentiation process may have ended at
any point of the evolutionary scheme.

(E) Fragmentation of such differentiated or undifferenti-
ated bodies could then produce the spectrum of observed
asteroid and meteorite types. In fact, a variety of types
could come from one body, as illustrated in (E). Most
asteroids were not heated beyond the first or second step,
and only a very few have exppsed metallic cores stripped
of their silicate cloaks.

.

Figure 3.14
Stages in the evolution of a meteorite parent body.
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Figure 3-2. Comparison of the relative abundances of elements of low
and moderate volatility in the Sun’s atmosphere with those in carbona-
ceous chondrites: Clearly for these elements, carbonaceous chondrites pro-
vide a chemically unbiased sample of bulk solar system matter. Because the
element silicon is the reference for comparison, it does not appear in the
diagram. '
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Figure 3-3. Gradations in chemical form of iron in chondrites: The
range extends from all oxide in carbonaceous chondrites to all metal (or
sulfide) in olivine-hypersthene chondrites. Except for enstatite chondrites,
which are depleted in iron, the total iron content remains nearly the same.
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FIGURE 8.1 Four and a half billion years ago a lot of debris,
ranging in size from dust to asteroids, still orbited the young Sun.
Collisions between these materials, called planetesimals, were fre-
quent. As planetesimals gradually accumulated to form larger bod-
ies, these developed stronger gravitational fields and began to
attract more particles from nearby space. Each impact added heat to
the planet and buried earlier hot rocks under a new blanket of
debris. According to some estimates, the Earth could have grown to
full size by this process of accretion in a few tens of millions of
years. Long before it did, the planet had become so hot that its outer
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FIGURI 8.2  Liquid iron/nickel, separated from the outer por-
tion of the young Earth, gradually settled toward the center of the
planet because of its high density. As it “fell” through the mantle
and had to overcome its viscosity, some of the metal’s energy of
motion was converted into heat. This “iron catastrophe” was a sec-
ond source of gravitational heating in the young Earth.

—



TABLE 2-1
Short Table of Cosmic Abundances (Atoms/S1)

W

Element Cameron Anders and Ebihara

(1982) (1982)

O 18.4 20.1

Na 0.06 0.057

Mg 1.06 1,57

Al 0.085 0.0849

Si 1.00 1.00

K 0.0035 0.00377

Ca 0.0625 0.0611

Ti 0.0024 0.0024

Fe 0.90 0.90

N1 0.0478 0.0493
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Figure 3-5. Bulk densities of various minerals, rocks, and planets: In
the case of the planets, the densities shown have been corrected for gravita-
tional compaction. The planet-to-planet density differences are in part the
result of differences in the Fe/Mg+Si ratio and in part the result of differences
in the iron/iron oxide ratio.
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Figure 5.19(a). Profile of density, p, through the earth model PREM with corresponding
zero pressure, low temperature density, estimated by finite strain theory.
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Figure 5.19(b). Profiles of gravity, g, and pressure, P, corresponding to the density
profile in Fig. 5.19(a).
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