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to be bone dry, recent data reveal traces of ice neay the
poles and of magmatic water in basalts,

The Soviet Union sent the first spacecraft to the Moon
Luna 3 flew by the Moon in 1939 and sent back the first
images of the far side. In 1966, Luna 9 managed a con
trolled landing, and Luna 10 first achieved lunar orbit,
The USA also flew a number of unmanned Survevor
missions to different landing sites on the Moon, NASA'S
Apollo program conducted the first geologic exploration

ctween 1968 and 1972: Apollo 8 and Apollo 10 were the
first mannad orbital flights, and six missions beginning
with Apollo 17 in 1969 landed astronauts on the surface,

These manned missions returnad the first lunar samples
to Earth. Also during this time, the Soviet Union con

ducted additional unmanned Luna missions with rovers
that collected and returned lunar soil samples to Barth.
The locations of sampling sites, mostly in mare regions,

are shown in Figure 1.4, It is not exaggerating to say that

Figure 1.2 A family portrait of Mars rovers in the “Mars yard™ at

foreground, Spirit and Opportunity (Mars
on the left, and Curiosity (Mars Science Lat
NASA and JPL image.

Figure 1. £ T > .
9 3 Images of Mercury, Venus, Earth, and Mars (left to right), to scale. NASA inmage,
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Flolll‘f) 1.4 Locations on the Moon from which g4\|\||)l1-5 have
been returned to Harth,

samples of rocks and soils returned by these missions
have revolutionized lunar science,

Major milestones in lunar exploration following Apollo
have mostly employed orbiters. NASA’s Clementine in
1994 and Lunar Prospector in 1998 mapped surface com-
positions and potential fields. ESA's SMAR'T=1 in 2003,
JAXA's Kaguya (also called SELENE), CNSA’s Chang'e 1
in 2007, and ISRO's Chandrayaan-1 in 2008 performed
remote sensing measurements, NASA's Lunar Reconnais-
sance Orbiter and the LCROSS impactor in 2009 charac-
terized the radiation environment and potential
resources, including water. In 2011, the GRAIL mission,
consisting of two orbiters named Ebb and Flow, refined
our understanding of lunar gravity. In 2013, NASA’s
LADEE studied the atmosphere and airborne dust, and
ONSA’s Chang'e 3 and 4 carried rovers to the lunar
surface.

1.2.2 Mars

More spacecraft missions have been sent to Mars than to
any other planet. Mars is divided into ancient, heavily
cratered highlands in the southern hemisphere and
younger, northern lowlands. The planet has gigantic vol-
canoes and extensive volcanic plains, a system of huge
canyons, and layered deposits containing ices at the poles.
It has a basaltic crust and a metallic core, and parts of the
ancient crust are magnetized. Its climate has changed
over time, and early Mars had liquid water and may
possibly have been habitable. Clastic and chemical s.edn-
ments are widespread, and surface soils are heaped 11.1to
dunes. Analyses by orbiters and rovers, as well as martian

Poking Around the Neighborhood

meteorites, have provided critical information on the
planet’s composition and history, Nowadays Mars is a
windswept, dusty desert, although significant amounts of
water in the form of permafrost occur in the subsurface at
higher latitudes, Mars has FEarth-like seasons and 2 thin
atmaonphere omposed mostly of CO,,

NASA's Mariner 4 was the first successful flyby in
1964, and Mariner 9 and the Soviet Union’s 3
orbited Mars in 1971, NASA’s Viking 1 and Viking 2
missions successfully deployed landers in 1975, The

Mars

Viking probes analyzed soil and searched unsuccessfully
for life. Beginning in 1996, NASA’s Mars Global Surveyor
mapped the composition of the planet’s surface from
orbit, Mars Pathfinder landed in the same year, deploying
its Sojourner rover, NASA’s Mars Odyssey, launched in
2001, and ESA’s Mars Express, launched in 2003,
obtained orbital images and spectra to understand surface
geology and a radar sounder to probe the subsurface. The
Mars Exploration Rovers Spirit and Opportunity landed
in 2004 and conducted extensive science traverses for far
longer than their designed lifetimes. In 2005, NASA’s
Mars Reconnaissance Orbiter began conducting remote-
sensing measurements, and Phoenix landed near a pole
and probed for ice. The Mars Science Laboratory Curios-
ity rover has explored the geology of an ancient lakebed
since 2012. ISRO’s Mangalyaan and NASA’s MAVEN,
both launched in 2013, are studying the martian atmos-
phere. The Trace Gas Orbiter, a collaboration between
ESA and ROSCOSMOS, began atmospheric mapping in
2018, searching for methane and other minor gases.
InSight, which landed in 2018, will study Mars’ interior
structure and heat flow. NASA’s Mars-2020 rover and
ESA’s ExoMars rover will land in 2020; Mars-2020
will cache rock and soil samples for possible return to
Earth as an international effort later in that decade, and
ExoMars will search for organic compounds in the mar-
tian subsurface.

1.2.3 Venus

Venus is sometimes called Earth’s sister because of its
similar size and mass, but it rotates in the opposite
direction from most planets. It has a dense atmosphere,
mostly of CO,, causing its surface to be blisteringly hot,
with a mean temperature of 735 K. These hostile condi-
tions and an obscuring shroud of clouds make explor-
ation difficult. Radar imagery indicates that the surface is
mostly smooth volcanic plains, but with two highlands
regions. Volcanic features occur nearly everywhere and
volcanism may be ongoing. The thick atmosphere screens
out small impactors, and global resurfacing may have
removed larger craters. Venus has a large metal core
similar to Earth’s, but no magnetic field. It has lost its
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Figure 1.5 Images of Jupiter, Saturn, Uranus, and Neptune (left to right), with Earth (below Saturn) for scale. NASA images.

water, making its crust too strong to allow plate tectonics,
which hampers heat loss.

NASA’s Mariner 2 in 1962, followed by Mariner 5 in
1967, flew by Venus and probed the atmosphere and
magnetic field. Between 1969 and 1983, the Soviet
Union’s Venera program sent numerous orbiters that
analyzed the atmosphere and landers that imaged and
measured the chemistry of surface rocks. Beginning in
1978, NASA’s Pioneer Venus Orbiter conducted atmos-
pheric experiments and made radar maps of the surface.
Two Vega missions in 1984 continued the Soviet program
of orbital and landed measurements. NASA’s Magellan
mission in 1990 provided global radar maps of the
planet’s surface. ESA’s Venus Express operated from
2006 to 2014, observing atmospheric dynamics and the
magnetic field.

1.2.4 Mercury
Mercury, the smallest and innermost planet, rotates three
times for every two revolutions around the Sun — that is,
itis in a spin-orbit resonance. Its high density indicates a
huge metallic core that generates a magnetic field. Its
suxface is heavily cratered and covered with volcanic
gllams, mak%ng it appear almost lunar-like and indicating
at geologic activity has ceased. Compression features

reveal global shrinkage of the planet. Mercury’s proximity
to the Sun and lack of an atmosphere cause surface
temperatures to vary wildly (between 100 and 700K at
the equator, daily).

Only two NASA spacecraft missions have made close
observations of Mercury. Mariner 10 flew past the planet
three times in 1974 and 1975, and imaged less than half
the surface. It also detected Mercury’s magnetic field - a
surprise since Mercury rotates so slowly. MESSENGER
made passes in 2008 and 2009 before achieving orbit in
2011. It collected data until 2015, when it was allowed to
crash into the surface. Its camera completed imaging of
the whole surface and spectrometers characterized its
chemical composition. In addition to studying its geo-
logic history, the spacecraft quantified the size and state
of the core and the magnetic field. BepiColumbo is actu-
ally two orbiters, one provided by ESA for surface
imaging and one provided by JAXA for analyzing the
magnetic field. It launched in 2018, although it will not
reach Mercury’s orbit until 2024,

1.3 Xenoplanets: Gas Giants and Ice Giants

The g‘iant planets (Figure 1.5) are foreign to our geologic
experience. They are commonly referred to as gas giants
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Comparison of the giant planets

Table 1.2

Tupiter Saturn Uranus Neptune
Semi-major axis 32AU 908 AU 19.2 AU W0 AL
Orbital period BT 205 yi H4.0 yi 164 8 i
Rotation period 10.0h 10,2 h 17.2h 16,1 h
Radius 1400 km 60,270 kkm 25,600 kin 14,750 ki
Mass 1.90 x 10° l\)'« 5,68 » 10%° |\)" H.OH8 Illl'lﬂ,'. 1 02 10
Mean density (p) A3 p/em’ 0,69 p/em’ 1,27 g/em’ t Aot
Moons 69 1 rings 62 1 rings 27 4 rings
S ————— :

(Jupiter and Saturn) and ice giants (Uranus and Nep
tune), depending on whether they are predominately
composed of hydrogen and helium gas or of water,
ammonia, and methane ices, respectively, The term “gas
gianl" is misleading, as their constituents are above the
critical point and thus there is no distinction between gas
and liquid. High pressures in the interiors of the ice giants
transform ices into dense structures not seen elsewhere,
Some orbital and global characteristics of the giant
planets are given in Table 1.2.

1.3.1 Jupiter

The mass of Jupiter is about 2.5 times the mass of all the
other planets combined. Its rotation, taking only about
ten hours, is the fastest of the planets. It consists mostly of
hydrogen and helium, and has no solid surface. The outer
atmosphere is segregated into horizontal bands and has
hurricane-like storms. Jupiter is thought to have a core of
silicate rock and metal, surrounded by a mantle of dense
metallic hydrogen extending out to 78 percent of the
planet’s radius. Above this is a layer of supercritical
hydrogen and helium, which grades upward into the
gaseous atmosphere. Jupiter has a strong magnetic field,
generated by currents in the metallic hydrogen layer.

A number of spacecraft have flown by Jupiter, most en
route to other targets, and obtained images and other
data. NASA’s Pioneer 10 in 1973 and Pioneer 11 in
1974 refined estimates of the planet’s mass. NASA’s
iconic Voyager 1 and 2 arrived five years later. These
spacecraft focused on the geology of Jupiter’s moons,
and also discovered the existence of rings. Other flybys
include Ulysses in 1992 and 2004, Cassini in 2000, and
New Horizons in 2007.

The first mission to orbit Jupiter was NASA’s Galileo,
arriving in 1995 and operating for eight years. Besides
investigating the Galilean moons on multiple passes and
observing the impact of a comet onto Jupiter, it released a
probe that parachuted through 150 km of Jupiter’s
atmosphere before it was crushed by the increasing pres-
sure, NASA’s Juno orbiter arrived in 2016 and is now
measuring Jupiter’s composition, as well as its gravity and
Magnetic fields.

1.3.2 Saturn
Like Jupiter, Saturn has a core of roc k and metal,
rounded by metallic hydrogen, overlain by supercritical
hydrogen and helium, and finally a gascous atmosphere
Its pale yellow color is due to ammonia crystals in the
atmosphere. Its magnetic field is much weaker than Jupi
ter's, and its mean density is less than that of water,
Saturn’s most prominent feature is, of course, its rings.
These extend outward to 120,700 km from the equator,
but are only about 20 m thick. The ring particles, ranging
in size from dust to boulders, consist of water ice crystals
with small amounts of organic and amorphous carbon.
Saturn was visited by Pioneer 11 in 1979, Voyager 1 in
1980, and Voyager 2 in 1981, During flybys, these space
craft imaged the rings and moons. The Cassini spacecraft,
a collaboration between NASA and ESA, entered Saturn's
orbit in 2004. This mission provided high-resolution
images of the planet and its rings, and made significant
discoveries about its moons. The mission ended in 2017,
as the spacecraft plummeted into Saturn.

1.3.3 Uranus
Uranus is the least massive of the giant planets, although its
diameter is slightly larger than Neptune's. It has a magnetic
field, a ring system, and moons. It appears nearly featureless
in visible light. Its rotation axis is tilted sideways, nearly into
the ecliptic plane, so only a narrow strip near the equator
experiences a day-night cycle and each pole receives
42 years of continuous sunlight followed by 42 years of
darkness. Uranus is composed mostly of water, ammuonia,
and methane ices, along with other hydrocarbons. Under-
lying its icy mantle is a small core of silicate rock and metal.
An overlying aquamarine-colored atmosphere is mostly
hydrogen and helium, with methane as a coloring agent.
The only spacecraft to visit Uranus was Voyager 2,
which flew by in 1986. It analyzed the composition and
structure of the atmosphere, the magnetic field, and
observed its moons and rings.

1.3.4 Neptune
Neptune is the densest giant planet. Its atmosphere is
composed mostly of hydrogen and helium, with small
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amounts of hydrocarbons and possible nitrogen, An Lot
Uranus, traces of methane account for the planet’s
blue color. Unlike Uranus, however, its atmosphere
has active weather patterns, The outer pas envelope
arades downward into fces of water, ammonia, and
methane, Below that is a core of silicate rock and metal,
Neptune's magnetic field is strongly titled relative to its
rotation axis,

Vovager 2 has been Neptune's only visitor, passing by
in 1989 on its way out of the Solar System, The spacecraft
imaged Neptune and its rings, measured the ovlentation
of the magnetic field, and discovered a number of satel
lites, Because of its extreme distance and the dearth of
exploration missions, much of what we know about Nep
tune (and Uranus) is based on observations using the
Hubble Space Telescope and large Earth-based telescopes
with adaptive optics,

1.4 The Most Interesting Moons

The giant planets themselves are not very amenable to
geologic investigation, since they have no solid surfaces.
However, their satellite systems are like miniature Solar
Systems, and these moons can be studied using the same
gealogic tools that we apply to the terrestrial planets,

The numbers of moons for each giant planet are given
in Table 1.2, There are far too many to describe here, and
we know very little about most of them anyway. Instead,
we will focus on the largest and most geologically inter-
esting of the moons of Jupiter, Saturn, and Neptune; none
of the moons of Uranus are particularly noteworthy, at
least at our present level of ignorance,

1.4.1 Galilean Moons of Jupiter

The four largest satellites of Jupiter, collectively called
Galilean moons after their discoverer, are lo, Europa
Ganymede, and Callisto (Figure 1.6). All are nmsslvé
enough to have adopted nearly spherical shapes, "The

ter: To, Puropa, Ganyimede,

aned Callinta (et to vight), to s ale, NASA hmages

largest, Ganymede, haw o dinmeter (5268 ki) greater than
Mercury, Lo, Buropa, and Hml)’lll(‘tlt‘ are inoa A2 orbital
resonance with each other. All Tie within the radiation and
magnetic fields of Jupiter, making mplm“ullnn ditficalt,

lo has the highest density (3.5 g/cm?) of the Galilean
aatellites, as the others have significant amounts of ice. It
s differentiated body composed of silicate rock, with
core of molten fron or fron sulfide, Tts surface features
more than 400 volcanoes, and so many of these are
currently erupting that it qualifies as the most geologic
ally active body in the Solar System.

Furopa has a smooth (at global scale) and bright sur-
face composed of dee, Reddish brown markings criss-
cross ity tectonieally active surface, and the occurrence
of only a few craters testify to resurfacing, Below the icy
crust s o salty ocean that has been hypothesized to be a
possible abode for life, making Europa a high-priority
target for further exploration, The interior of Europa is
rock and likely a metallic core,

Ganymede is also believed to have a briny ocean,
sandwiched between layers of ice, Below that is a mantle
of rock and a core of fron, The icy surface of Ganymede
s separated into dark, highly cratered (hence older)
terrains and: brighter, younger regions with Brooves
and ridges,

Callisto is the least dense (1.83 g/em’) of the Galilean
moons, with approximately equal amounts of ice and
rock, 1t too may harbor a subsurface ocean, Its icy crust
shows some tectonic features and numerous impact scars.

Pioneer 10 and 11 obtained low-resolution images of
the moons when they flew past Jupiter in 1973 and 1974,
In 1979, Voyager 1 and 2 discovered volcanic eruptions
on 1o and a disrupted icy crust on Europa, The Galileo
orbiter, arriving in 1995, made close approaches to the
moons and found evidence for possible subsurface oceans
on the outer three bodies, The Cassini probe in 2000 and
New Horiz‘ons i 2007 flew by and made observations of
the moons” orbital interactions with Jupiter, In 2016, Jun?



Figure 1.7 Images of the largest moons of Saturn and Neptune:
Titan, Enceladus, and Triton (top to bottom), not to scale. Titan
is shown in an infrared image to see through its hazy atmosphere.
Blue stripes on Enceladus are fractures from which jets erupt.
Triton shows distinctive terrains. NASA images.

The Most Interesting Moons

imaged the moons from above their orbital plane and
made a movie of their motions.

1.4.2 Titan and Enceladus of Saturn

Titan (Figure 1.7), with a diameter of 5150 km, is the
second largest moon in the Solar System, and perhaps
the oddest. Its density (1.88 g/cm’) suggests it is half ices
and half silicate rock. This frigid world is characterized by
a dense, hazy atmosphere composed of nitroge:
clouds of methane and ethane and organic smog

surface is young and has only a few craters. Valley
channels appear to have been cut by flowing organi
liquids. Rocks and sand composed of frozen organic
matter litter its surface. It also has lakes of organic liquids,
and may have a subsurface ocean.

Enceladus (Figure 1.7) is small (508 km diameter) but
nearly spherical. Its density (1.61 g/cm’) indicates that it
is a mixture of ice and rock. Its icy surface includes
cratered terrains, as well as smooth areas with few craters.
Long fracture systems are warm and emit jets of gas and
dust. The eruptions may emanate from a subsurface
ocean of water.

Voyager 1 and 2 in 1980 and 1981 obtained images of
Titan and Enceladus. Cassini, arriving at Saturn in 2004,
studied both bodies in detail. It made a number of Titan
flybys, discovering hydrocarbon lakes in 2006. Cassini
also released its Huygens probe, provided by ESA, which
descended to the surface in 2005. The probe made meas-
urements of the composition of Titan’s atmosphere and
took images of the surface. The Cassini orbiter also dis-
covered the geyser-like eruptions on Enceladus.

1.4.3 Triton of Neptune
Triton (Figure 1.7), the largest moon of Neptune
(2710km diameter), has a retrograde orbit. Its surface is
covered with a transparent layer of frozen nitrogen, over
a crust of N, H,0, and CO, ices, with an icy mantle and
rocky core. Its mean density (2.06 g/cm’) suggests ices
comprise more than one-third of the body’s mass. It has
few impact craters, suggesting a young, active surface.
A handful of geysers of nitrogen gas and dust have been
observed erupting. The western hemisphere is called can-
taloupe terrain, referring to its resemblance to that
melon’s skin. Other areas of the surface are furrowed
plains formed by icy volcanic flows. Triton’s retrograde
motion and Pluto-like composition suggest that it is a
captured body from the Kuiper belt (see Section 1.5).
Triton was deemed so interesting that Voyager 2’s
trajectory was altered to allow its investigation. It imaged
40 percent of Triton’s surface and measured its chemical
composition.

11
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1.5 Small Bodies, Big Rewards

The Solar System contains millions of

orbiting the Sun; their small sizes belie th tif
importance. The largest of these are the dwarf planets
This term was adopted by the International Astronomical

Union in 2006, and identifies objects that orbit the Sun,
are massive enough for their gravity to have pulled them
into a spheroidal shape, but have not cleared their orbital
neighborhoods of other objects. Using this definition,
Pluto was demoted from its prior designation as the ninth
planet, and Ceres was promoted from its status as the
largest asteroid. Three other currently recognized dwarf
planets, located well beyond the orbit of Pluto, are Hau-
mea, Makemake, and Eris. There are sure to be many
more. The designation of dwarf planets remains some-
what controversial, and certainly does not recognize the
role of geologic activity in planets.

Smaller bodies are designed as asteroids (the name
means “star-like”) and comets (from the Greek for “long
hair,” alluding to their prominent tails). Asteroids have
conventionally been defined as rocky or metallic bodies,
and comets are recognized by “cometary activity,” refer-
ring to the release of gas and dust that form a bright coma
and tail when ices are sublimated by solar heating. In
recent years, the distinction between asteroids and
comets has become blurred, because volatile eruptions
have been seen on a few asteroids and some kinds of
asteroids are known to contain or to have formerly con-
tained ice and probably exhibited cometary activity in the
distant past.

Before describing the exploration of these objects, we
need to talk about their orbits. Most asteroids reside
cither in the Main asteroid belt, a band more than
30 million kilometers wide located between the orbits of
Mars and Jupiter, or at Lagrange points around Jupiter
(Figure 1.8). A Lagrange point is a position in the orbital
configuration of two large bodies, in this case the Sun and
Jupiter, where a small body, say an asteroid, can maintain
a stable position. Asteroids orbiting Jupiter’s Ly and Ls
points (respectively located ahead and behind Jupiter in
its orbit; Figure 1.8) are called Trojans. Centaurs are
asteroids located between the outer planets, generally in
unstable orbits.

Beyond Neptune lies the Kuiper belt, containing more
than 1000 known objects and thought to have more than
100,000 objects larger than 100 km in size. The potential
to discover so many planets in the Kuiper belt is what led
to the designation of dwarf planets. Pluto is the inner-
most Kuiper belt object. Far beyond the Kuiper belt lies
the Oort cloud, a theoretical, spherical collection of
volatile-rich objects. Small fragments of Kuiper belt and
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Trojan asteroids

Figure 1.8 Birds-eye view of the Solar System
in the Main belt and Trojan asteroids in 1Lagr
Jupiter.

Oort cloud objects perturbed into the inner Solar System
become comets.

1.5.1 Dwarf Planets: Ceres and Pluto

Ceres (Figure 1.9) is the first dwarf planet to be encoun-
tered by spacecraft, although Neptune’s moon Triton
(already described in Section 1.4) probably qualifies as a
captured dwarf planet in terms of its size. Ceres is located
within the Main asteroid belt, and was the first body
discovered in that region. It has a diameter of 345km
and is partially differentiated, with a rocky core, alterad
rock mantle, and icy crust. The mineralogy of the surface
consists of hydrated and ammoniated phyllosilicates and
carbonates. Although most of its surface is ancient and
heavily cratered, a cryovolcano formed recently, suggest-
ing brines exist in the interior.

Pluto (Figure 1.9) is in orbital resonance with Neptune.
but its orbit is inclined relative to the ecliptic. It has five
moons, with Charon having a diameter just over half that
of Pluto, whose diameter is 2380 km. Its density (1.80¢
cm?) indicates a rocky core, and it likely hosts J subsur-
face ocean of liquid water. Its crust is composed mostly of
nitrogen ice, with traces of methane and carbon monox-
ide. Its color varies from white, to orange, to black. The
surface is virtually uncratered, indicating a very young
age. It has mountains (possible volcanoes), and many
landforms appear to be glacial in origin.

NASA’s Dawn spacecraft studied Ceres from orbit
during 2015-2018. Its spectrometers mapped the body’s
fmneralogy and chemistry, its camera allowed studies of
its geomorphology, and tracking of the spacecraft’s ot
allowed the gravity and interior structure of Ceres © ®
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1.5.2 Asteroids

More than half of the mass of the

within the four largest bodies: Ceres (mow a dwart
planet), Vesta, Pallas, and Hygia. Only a few large aster-
oids are thought to be intact, and many thousands of
smaller asteroids are collisional rubble. Many of these are
members of families that have similar orbital parameters
and were once parts of the same larger object. Despite
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Figure 1.10 Rogues gallery of some small asteroids and martian

Moons (thought to be captured asteroids) visited by spacecraft.
Clockwise from upper left are Phobos, Eros, Ida, tiny Dactyl,
Mathilde, and Deimos, with Gaspra in the center. Reprinted by
permission from Cambridge University Press: Cosmochemistry,
Harry Y. McSween Jr. and Gary R. Huss, Copyright (2010).

ice to sublimate and sometimes form jets of gas. Some
nuclei split apart, suggesting that they are fragile.

Comets are in highly elliptical orbits, and most appear
to originate within the Kuiper belt or Oort cloud. The
dust trails they leave behind can be sampled as interplan-
etary dust particles that intersect the Earth’s orbit as
meteorite showers.

ESA’s Giotto encountered comet Halley in 1986, and was
bombarded by particles that caused a temporary loss of
signal. NASA’s Deep Space 1 flew by comet Borrelly in
2001. NASA’s Stardust mission collected dust ejected from
comet Wild 2 in 2004, and returned it to Earth for laboratory
analysis. NASA’s Deep Impact visited Tempel 1 in 2005 and
delivered an impactor that created a crater on the comet’s
surface. ESA’s Rosetta spacecraft orbited comet Churyumov-
Gerasimenko in 2014, conducting the most extensive set of
comet observations to date. Its Philae lander unfortunately
was put down in shadow and keeled over, so it was unable to
make many of the planned surface observations and meas-
urements, although it detected organic compounds.

Figure 1.11 Images of some comet nuclei visited by spacecraft:
Halley, Hartley 2, Wild 2 and Tempel 1, and Curyumov-

Gerasimenko (top to bottom). Images are not to scale. NASA
and ESA images.

1.6 A Few Notes on Orbital Dynamics

Although this text focuses on planetary geoscience, it i
useful to review a few principles of celestial mechanics
These concepts apply not only to orbiting planets and
small bodies, but also to the spacecraft exploring them:
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v, but its moving rocky plates are unique among Solar System bodies,
cting the mechanisms of melting and th:

fers trom that on one-plate planets, atte

he most common volcanic rocks on Earth, are ubiquitous on other rocky worlds, but the pathways an
agma evolution differ, making granitic rocks virtually unrepresented elsewhere.

m as we once thought. The Earth is not a unique
hic agent, and of its possible

« Water, liquid or frozen, is not nearly as rare in the Solar Syste
indicator of the way water interacts with a lithosphere, of its effects as a geomorp
role in life.

« Impact cratering is the most significant geologic process on other planets, and must have been on the early Earth
as well. Large impacts have had disastrous consequences for life, and unraveling this history has allowed us to

realize that humans still live in the fast lane.

This travelogue is but a cursory overview of the many geologic wonders in the Solar System. We will return to many of
the bodies introduced here in the following chapters, but will focus more on geologic processes and less on cataloging
what's there. It is worth reflecting, though, on the mechanical (and rarely, human) explorers that have provided
information in enough depth to make planets, moons, and smaller bodies into geologic objects.

We have not touched on the instruments carried on these spacecraft that allow us to address geologic questions. In
the next several chapters, we will concentrate on the tools developed and used by planetary geoscientists, before delving
into the processes that have shaped our Solar System.

; )

Review Questions

1. Briefly describe the systemic challenges faced by the engineers who design interplanetary spacecraft and
the scientists who design the instruments they carry.

2. What are uncompressed mean densities, and what can they tell us about planets?
3. What characteristics do the terrestrial planets share?
4. What characteristics do the giant planets share?
5. How do we subdivide/classify the small bodies of the Solar System?
\ -
SUGGESTION FOR FURTHER READING REFERENCE
Lodders, K., and Fegley, B. Jr. (1998) The Planetary Lodders, K., and Fegley, B. Jr. (1998) The Planetary
Scientist’s Companion. New York: Oxford University Scientist’s Companion. New York: Oxford University
Press. A handy resource that tabulates a wealth of Press.

information, with appropriate references, on the physical
and chemical properties of Solar System bodies.




