Terrestrial Planets
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The Earthike Planets

TheRedWorldand théBlueWbrldare brothers. They were born together in the
seething maelstrom of dust and gas spinning out from the heart of the vast cloud

that was to become FatheriSttars o by Ben Bova

Comparative Planetology

e comparison of one planet to another.

Planet Earth A Four Stage History

¢ Differentiatiormolten iron/nickel core, silicates and lighter material on surface.

e Cratering solar nebula filled with rocky delsrisollided with the Earth

¢ Flooding@ outgassing volcanism, produced the primordial atmosphere and oceans.

e Slowsurface evolutioh i f e!' ! Mount ains, sedi ment arjy

Ear t h o 8 seidmdbd€ @afthquaed)

e Central Core
e Thick Mdle
e Thin Crust

Mantle

It is a layer of dense rock and metal o
Behaves like a plastic, solid but can flow

pressure. ]
Figure 1. The Earth as seen from tt

Galilespaceprobe as the probe was on |

journey to Jugit (Image courtesy o
NAQA/IPIN
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Dynamo Effect

The Earthos | iquid core s tAiceatesdargbelecttconv ecf i

currents and hence a | arge magnetic field ajo

PlateTechtonics

e Earthodés surface iIis very geologically actf v
Earthquakes
Volcanoes
Mountain building/destroying

The surface of the Earth is currently in a continuous flux and change.

The Atmosphere of the Earth

e Primeval atmospheérech in carbon dioxide &ater.

o Small oceans

o Outgassing
CQ dissolved into water! Beginning the formation of carbonate rocks
Left atmosphere rich in nitrogen (like today).

Ultraviolet radiation from the Sun reached the surface which effectively broke up any|

concentrations of amm@md methane, there was no ozone layer to stop this yet.

Oxygen was produced mostly frogo | if c

Figure2: Cape Cod of
Massachusetts as seel
from th&sOES satellite.
(Image courtesy of
GOESNASAGSFC).
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Figure 2 is a spacborne radar image showing the famous "hook" of Cape Cdd,
Massachusetts. The Cape, which juts out into the Atlantic Oceddl@pettrsQ®2 miles)
southeast of Boston, actually consists of sandy debris left behind by the great contingntal
sheets when they last retreated from southern New England about 20,000 years ago. JTodz
landscape consists of sandy forests, fietslabobak and other bushes and grasses, salt

developed areas are mgstly. The darkshape in the lower center is the airport runways i

Hyannis, the Cape's largest town. ThesthaeXeft of the center is Otis Air Force Base. Thg

on the right. The northern tip of the island of Martha's Vineyard is seen in the lower left. Jhe ti
the Cape, in the upper right, includes the community of Provincetown, which appears pink4 and
protected National Seashore areas of sand hadminearallel the Atlantic coast east of
Provincetown. Scientists are

using radar images like this

to study delicate coas

environments and the effectg§

human activites on t

ecosystem and landscape

The Moon:

Not only of Cheese an

Werewolf.

Figure3: The moon in allgtery. This is a composite image of
background sky and the full moon. (Image courtesy of T.A

i O smeall step for ma | 5”5 antonio. NOAO. AURA, & NSF).

One giant leap f
mankind. o

T Neil Armstrong, July 20, 1969 upon setting foot on the surface of the moon.
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The moon is our nearest celestial neighbor and of great interest to astronomers, world cultureg,

and historianacedhrmotmojomst sama dlpj ect withou
has experienced direct human exploration. Emotionally, rationally, and politically the Moon hgs

been a direct driving force behind many thoughts, ideas, and dreams.

Since the Moon is sudhoae neighbor to the Earth it is without question that it must also tell

us something about the Earthés beginnings, [si

General Features and Facts:

1/4hthe diameter of the Earth

The smaller the body the more quickly i loéesal heat

May have small partially molten core

Low escape velocity, no atmosphere, no erosion, only the barest geological change since
very early in its history.

Lotés of early cratering. (ejecta and
rays)

Since early times using the naked ¢

has been apparent that the surface

the Moon has two strikingly differer

regions!! There appear to be areas

look dark and smooth and light are

that are rough. And using binoculan,,-}
A
and simple telescopes the surface |

greatly mottled with cratensyoiad

sizes.

Surface Features:

Lowlandsi dark, circular, plains, fe

cratesMaria(Mare) i s eas 0 f i |  Figure4 Smooth dark Mare Imbrium. (Sea

. Rains). Near the top of the image is the dark
(cooled) basalts. Mare are low lying eXf  plato and Montes Apenninus  (Apen
Mountains) arch down acroseethter and end
near the bright ray crater of Copernicus. (li
courtesy of Peter Armstrong).

of smooth, dark, and retft uwrcratered
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material. Often circular and surrounded by vast circular chains of mountains. Mare mategal is
dark, smooth appearing,liesgamaterial filling the mare basins. It has the appearance of a
solidified flood or flow, and is assumeslwoe wel | ed wup from mo
i mpacts in the Moonds history.

Highlandsi | i ght er col ored, heavily <c¢craterjed
Rugged, mountainous areas of the moon, generally appear bright and heavjy
cratered.r@sumed to be the oldest visible lunar feature.

Anorthosites’ aluminum and calcium silicates, lighter lower density rock material
Many | unar rocks, ABrecciao fragment§ ¢

impacts).

Mountains’ as on Earth, rangefspeaks which may reach 10,@00000 feet
above the lunar surface. Usually light colored and fairly rugged, showing very liftle

erosion or wear.

Isolated peak$ A very high peak, formerly part of a mountain range, which has

survived a flooding byremaaterial which now covers all the lower mountains.

Frequently, remnants of an entire chain can be seen poking through the mare matefial.

Impact Craters-cavity in the Moonbds surface au

a meteor. Raised rim, brigidted material, and smaller secondary crates are
characteristic of this common lunar feature. Strong bright rays of ejected material fare
often a sign of relatively recent impacts because the bright streaked rays do not st

long.

Central Peaks A singler multiple mountain peak within some of the larger impact
craters on the Moon. These features are caused by a rebounding shockwave of fhe
melted (during impact) lunar surface. It is not the remains of the impacting meteof or

asteroid.
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Figure5: The ray crater
Copernicus. Notice the
central peaks that ador
the center of theater.
(Image a digital
recreation of images
taken by Apollo 17
INASA).

For exampleri@ureb) Impact crater Copernicus is approximately 93 km wide and is located
within the Mare Imbrium Basin, northern nearside of the Babowsnagter floor, floor
mounds, rim, and rayed ejecta. Rays from the ejecta are superposed on all other surroundi
terrains whichugghe crater in its namesake age grouj, /'«

Copernican system, established as the yo'-‘ :
assemblage of rocks oe toon (Shoemaker “
Hackman, 1962, The Moon: London, Academic
p.289300).

 Sunken CratefisAn old impact crater whose wallgigyre 61 The smooth sunker

has been broken and whose floor has been flooH&{§" Plato- (Image: NASA)

by dark material. Often only the highe
portion of the rim survivegsd braters
clearly predate the appearance of the
material.

Wrinkle Ridgé A twisted, riddjge
wrinkle in the mare material, frequentl
having the appearance of a wave cres
frozen in place. These slightly elevateq
features may be tliefsom which
marematerial appears.

Rillei These are depressed chdikeel Figure7: A rille as seen from Apollo

mission images. (Image courtesy ¢
featureshaving the general appearance ~ NASA).
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dried river beds (no they are not water related). Twisted into snake like patterns (sifpuou:
rille), these features run hundreds of miles across thesdréaesything on af

the Moon. They are most likely eadllelpannels from which lava at one time flowed.
e Domeg A raised, hemispherical projection above the lunar mare. They resemble frpzen

bubbles of lava material and are most likely volcanic in origin.

Figure8: The far side of the moon. The moon, locked in a sync
orbit about the Earth, always presents the same face to obse
Earth. This image was taken by Apollo 16 as it orbited the
(Image courtesy of Apollo 16 / NASA).

The Origin of the Moon:

1. Fission Hypothesisproposed that the moon broke from a rapidly spinning agd
molten protarth.

Condensation Hypothesigarth and moon condensed simultaneously from th

solar nebula.

Capture Hypothesimoon formed elsewherenssdcaptured by Earth.

Largelmpact Hypothesishe moon formed from debris ejected into a disk arourjd

the Earth by the impact of a large protoplanet. (a mars sized object)
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Tour the Planets: (Terrestrial)

Mercury:

e 4878km in diameter
Mariner 10explored Mercury
Highly crated and moonlike curface
Largest impaicCaloris Basii800miles auss)
Huge clifisfBcarp® ( 2 miiintegos codied gnd )
shranicrust wrinkled.

¢ No atmosphere Figure 9: The heavily

. craterd surface of
e B00F dayS t0280F nlghtS. Mercury a_su seen fron

rgleras of Marine

. o : th
Mariner 10's first image of Mercury acquired on March 2410’i (lage courtesy o

During its flight, Mariner 10's trajectory brought théediginted NASA).

hemisphere of Mercury, where this image was taken, in order to acquire important measuremerjts

with other instruments. This picture was acquired from a distance of 3,340,000 miles (5,380,0Q0
km) from the surface of Mercury. The diameterp{3/@8d miles; 4,878 km) is about 1/3 that
of Earth.

Venus:
A Poisonous, Seething, & Hot World. Yet,

Twin World.

95% the size of the Earth
surface temperature®880
90 times (earth) atmospheric pressure

surface features are hidgethiock dense

clouds Figure 10 The surface &fenus shown

| . .. b without the thick atmosphere. The Mag
volcanic aCt|V|ty seems to be (Or was space probe used a form of “lechtion”

to construct a surface feature map of Ve
(Image courtesy of NASA/JPL Im:

No magnetic f-inetend? FEf$BAmMé a non

recently) vigorous.

interior?
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Runaway Greenhouse Effect

e Atmospher®6% C®, 3.5% N, 0.5%®{HSQ;, HCI, HF

e Liquid kD did not clean out-@OVenus earlier times, thus heat baked more carbon
dioxide from the rocks, which trapped more heat, which backettamotbeCO
rocks, whicheé. . has raised the surfacg
enough to melt lead.

If all C@on Earth wasut back into the atmosphere of the planet, the Earth would be
just as hot as Venus is today. (Your cars do this too!) We need to avoid adding carpon
dioxide to the atmosphere as much as possible. We-aegiti¢ereut industrial

practices and look &lternatives to fossil fuel.

The Magellan spacecraft imaged more
98% of Venus at a resolution of about 100
the effective resolution of this image is abou
A mosaic of the Magellan images (mos
illumination from thestydorms the image ba;j 4
Gaps in the Magellan coverage were fille
images from the Edo#ised Arecibo radar inje
region centered roughly on O degree latitug
longitude, and with a neutral tone else
(primarily near the south pole). The

image was processed to improve contrast angligi@e11 The hemispheric view of Veni
as revealed by more than a decade of r
investigations culminating in the19920

represent elevation. Gaps in the elevation data YRf!an mission, is centered at 90sleg
east longitude. (Image courtesy of NAS/

the Magellan radar altimeter were filled with altimetry

emphasize small features, andcelegoded to

from the Venera spacecraft and the U.8r Riemes missions. An orthographic projection way
used, simulating a distant view of one hemisphere of the planet. The Magellan missfpn w
managed for NASA by Jet Propulsion Laboratory (JPL), Pasadena, CA. Data processed by J
the Massachusetts Instinit Technology, Cambridge, MA, and the U.S. Geological Sunjey,
Flagstaff, AZ.
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Sapas Monss displayed in the center of this coggnmeeated threl@rensional
perspective view of the surface of Venus. The viewpoint is located 527 kilometers (327 mileg)
northwest of Sapas Mons at an elevation of 4 kilometers (2.5 miles) above the terrain. Lava floys
extend for hundreds of kilometers across the flactsredown in the foreground to the base
of Sapas Mons. The view is to the
southeast with Sapas Mons
appearing at the center with Maat
Mons located in the background on
the horizon. Sapas Mons, a volcano
400 kilometers (248 miles) across
and 1.5 kilome$e(0.9 mile) high is
located at approximately 8 degrees
north latitude, 188 degrees east

longitude, on the western edge of

Figurel2 Sapas Mons. (Image courtesy of NASA). Atla Regio. lts peak sits at an

elevation of 4.5 kilometers (2.8 miles)
above the planet's mean elevation. Sapas Mons is nd&thedrfmiaan goddess. The vertical
scale in this perspective has been exaggerated 10 times. Rays cast in a computer intersect thje
surface to create a thieeensional perspective view. Simulated color and a digital elevation map
developed by the U.S. Gpadb Survey are used to enhancessaiallstructure. The
simulated hues are based on color images recorded by the Soviet Venera 13 and 14 spacecrajt.
The image was produced by the Solar System Visualization project and the Magellan Scienge
team at thePL Multimission Image Processing Laboratory and is a single frame from a video

released at the April 22, 1992 news conference.

A portion of the eastern edgdlmia Regiois displayed in this thilgeensional
perspective view of the surface of Venus. The viewpoint is located at approximately 30 degreqs
south latitude, 11.8 degrees east longédnddeatation of 2.4 kilometers (3.8 miles). The view is
to the northeast at the center of an area containing seven ciigadrilforée average
diameter of the hills is 25 kilometers (15 miles) with maximum heights of 750 meters (2,475 fee}).
Thee of the hills are visible in the center of the image. Fractures on the surrounding plains arg

both older and younger than the domes. The hills may be the result of viscous or thick eruptionsjof
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lava coming from a vent on the rel
level ground, allmg the lava to flow
an even lateral pattefhe concentrig
and radial fracture patterns on
surfaces suggests that a chilled
layer formed, then further intrusion
interior stretched the surface.
alternative interpretation is dbates

are the result of shallow intrusio

molten lava, causing the surface to | _ _ _ .
Figure 14 Alpha Regio: Interesting volcani

they are intrusive, then ma( structures on the surface ofi3/giimage courtesy
withdrawal near the end of the erug OfNASA)

produced tHeactures. The bright margins possibly indicate the presence of ratksdabris or
the slopes of the domes. Resolution of the Magellan data is about 120 meters (40
Magellan's synthetic aperture radar is combined with radar altimetry to edivedogiartatee
map of the surface. A perspective view is then gamaréttedniiap. Simulated color and a

process called raginometry are used to enhance soaddl structures. The simulated hues

are based on color images recorded by the Soviet Venera 13 and 14 spacecraft. The i

produced by the JPL Multimissagel Processing Laboratory by Eric De Jong, Jeff Hall, Myq
McAuley, and Randy Kirk of the United States Geological Survey, and is a single frame

movie released at the May 29, 1991 Magellan news conference.

Mars: The Red World

Now everybody knows the history of Mars in the human mind:thevgedoerallions of

prehistory it was one of the chief lights in the sky, because of its redness and fluctuating intensity,
and the way it stalled in its wandering course through the heavens, and sometimes even reversed
direction. It seemed to be saymegtBimg with all that. So perhaps it is not surprising that all the
oldest names for Mars have a peculiar weight on theNtgajudlangala, Augakuh,

Harmakhi$ they sounded as if they were even older than the ancient languages we find them in,
as ifthey were fossil words from the Ice Age or before. Yes, for thousands of years Mars was a
sacred power in human affairs; and its color made it a dangerous power, representing blood,

anger, war and the héaiRed Mars © by Kim Stanl ey Robinson.
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Diameteir 6796km

Dayi 24hours/40minutes

Tipped 2bHn its axis

Southerin Old and cratered

Northerin few craters, smooted by lava
flows

Largest Volcan®lympos Mon&70mile
diameter by 16 mile high!)

Largest Valléywalles Marineris
(2500miles long by 4snileep by

Figure15 Mars at it appeared during

120miles wide) 1997. The image was taken as Mar

northern hemisphere began its ow
Old stream beds!! Water once flowed. wintertime. (Image courtesy of NASA).

Once had denser atmosphre® boils

away now.

No magnetic field, no molten core, very small core, very thick crust.

Planet cooled quickly, atmosphere thinned out and liquid water evaporated.
Atmosphere 95% %N, traces of everything else.

No ozone layer, so any water vapor was broken up.

Polar Caps of dry and liquid ices.

Two (captured) moons, Deimos and Phobos.

Figurel6 This imagehews in colorful detail the surroundings of the Sagan Memorial Static
rock midway is called Yogi and just to its left is the robot Sojourner Rover. The Mars Pat
landed on 1997 July 4 and collected data for three months déheiteattdin likely awash in wa
in the distant past, but has been dry for the last two billion years.
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Figurel? A color image dhlles Marinerishe great canyon of Mars; north towa(idhsme
courtesy of Viking Mission / NASA).

The scene of Valles Marineris shows the entire canyon system, over 3,000 km lopg al
averaging 8 km deep, extending from Noctis Labyrinthus, the arcuate system of grabeh to

west, to the chaotic terraimetedst.

This image is a composite of Viking rrediolotion images in black and white and low
resolution images in color; Mercator projection. The image extends from latitude O degrges tc

degrees S. and from longitude 45 degrees to 102.5 kheg@aseded chasma or valleys of

Layers of material in the eastern canyons
might consist of carbonates deposited in
ancient lakes. Huge ancient river thanne

began from Valles Marineris and from

adjacent canyons and ran north. Many of the
channels flowed north into Chryse Basin,
which contains the site of the Viking 1 Lander
and the future site of the Mars Pathfinder

Lander.

During its examination of Mirs,

Figurel& A portion of Valles Marineris that hi :
collapsed possihtglicating erosional collapse. Viking 1 spacecraft returned imagatiest

(Image courtesy Viking Mission / NASA). Marineris a huge canyon system 5,000 km
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long, up to 240 km wide, and 6.5 knwihesp, connected chasma or valleys may have formed
from a combination of erosional collapse and structural activity. This synthetic oblique view shoys
Ophir Chasma, the northern mostf ¢ine connected valleys of Valles Marineris; north toward
top of frame; for scale, the large impact crater in lower right corner is 30 km (18 miles) wide.

This poirterspective, digital image, centered at latitude 4 degrees S., longitude 71 degrees,
isa composite of Viking 1 Orbiterdsghution (about 80 m/pixel or picture element) images in
black and white and-tesolution (about 250 m/pixel) images in color; no vertical exaggeration.
The Viking 1 craft landed on Mars in July of 1976.

Figurel9 Ophir Chasma on Mars. (Image courtesy NASA)

Ophir Chasma is a large-westhwedtending trough about 100 km wide. The Chasma is
bordered by 4 km high walled cliffs, most likely faults, thatasidgwllgpuorphology and
smooth sections. The walls have been dissected by landslidenfaanig)g@ne area (upper
left) on the north wall shows a young landslide about 100 km wide. The volume of the landslige
debris is more than 1000 times greater than that from the May 18, 1980 debris avalanche fro
Mount St. Helens. The longitudinal geeme in the foreground are thought to be due to
differential shear and lateral spreading at high velocities. The landslide passes between moundsjof
interior layered deposits on the floor of the chasma.

An oblique, color image of central Valles Mdiangssowing relief of Ophir and Candor Chasmata;
view toward north. The photograph is a composite of Yésolgitioghmages in black and white and
lowresolution images in color. Ophir Chasma on the north is approximately 300 km aprass and as dee
10 km. The connected chasma or valleys of Valles Marineris may have formed from a combination §f
erosional collapse and structural activity. Tongues of interior layered deposits on the floor of the chasmdta

can be observed as well as young landgtidal mlong the base of Ophir Chasma's north wall.
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Pathfinder:

The Sojourner rover's Alpha PragynSpectrometer (APXS) is shown deployed against thje
rock 'Moe' on the afternoon of Sol 64 (September 7, 1997). The rocks to the 3dfadf Moe age
(left of Sojourner) and 'Half Dome' (behind Sojourner). They were previously measureq by

APXS. The image was taken by the Imager for Mars Pathfinder (IMP).

Figure 20  Sojourner
analyzig the rock
nicknamed "Moe." (Imag
courtesy of JPL / NASA)

Figure 21 The rover is successful
deployed on the martian surfamage
courtesy afPL / NASA
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