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The Earth-like Planets 

The Red World and the Blue World are 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 Father Sun. ï ñMars,ò  by Ben Bova 

Comparative Planetology  

 comparison of one planet to another. 

 

Planet Earth ð A Four Stage History 

 Differentiation ï molten iron/nickel core, silicates and lighter material on surface. 

 Cratering ï solar nebula filled with rocky debris has collided with the Earth 

 Flooding ï outgassing volcanism, produced the primordial atmosphere and oceans. 

 Slow-surface evolution ï life!! Mountains, sedimentary rocks, weathering, etcé 

Earthõs Interior ð (seismology Č  earthquakes) 

 Central Core 

 Thick Mantle 

 Thin Crust 

 

Mantle 

It is a layer of dense rock and metal oxides. 

Behaves like a plastic, solid but can flow under 

pressure. 

 

Figure 1: The Earth as seen from the 
Galileo space probe as the probe was on its 
journey to Jupiter. (Image courtesy of 
NASA/JPL). 
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Dynamo Effect  

The Earthôs liquid core stirred by convection vs. rotation of the Earth Ą creates large electric 

currents and hence a large magnetic field around the Earthôs surroundings. 

Plate Techtonics  

 Earthôs surface is very geologically active. 

 Earthquakes 

 Volcanoes 

 Mountain building/destroying 

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

 

The Atmosphere of the Earth 

 Primeval atmosphere ï rich in carbon dioxide and water. 

o Small oceans 

o Outgassing 

o CO2 dissolved into water! Beginning the formation of carbonate rocks 

o Left atmosphere rich in nitrogen (like today). 

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

concentrations of ammonia and methane, there was no ozone layer to stop this yet. 

o Oxygen was produced mostly from lifeôs chemistry!! (such as photosynthesis CO2 to 

O2) 

 

 

 

 

 

 

Figure 2: Cape Cod of 
Massachusetts as seen 
from the GOES satellite. 
(Image courtesy of 
GOES / NASA / GSFC). 



Terrestrial Planets 

Lecture Eighteen  Page 203  

Figure 2 is a space-borne radar image showing the famous "hook" of Cape Cod, 

Massachusetts. The Cape, which juts out into the Atlantic Ocean about 100 kilometers (62 miles) 

southeast of Boston, actually consists of sandy debris left behind by the great continental ice 

sheets when they last retreated from southern New England about 20,000 years ago. Today's 

landscape consists of sandy forests, fields of scrub oak and other bushes and grasses, salt 

marshes, freshwater ponds, as well as the famous beaches and sand dunes. In this image, thickly 

forested areas appear green, marshes are dark blue, ponds and sandy areas are black, and 

developed areas are mostly pink. The dark L-shape in the lower center is the airport runways in 

Hyannis, the Cape's largest town. The dark X-shape left of the center is Otis Air Force Base. The 

Cape Cod Canal, above and left of center, connects Buzzards Bay on the left with Cape Cod Bay 

on the right. The northern tip of the island of Martha's Vineyard is seen in the lower left. The tip of 

the Cape, in the upper right, includes the community of Provincetown, which appears pink, and the 

protected National Seashore areas of sand dunes that parallel the Atlantic coast east of 

Provincetown. Scientists are 

using radar images like this one 

to study delicate coastal 

environments and the effects of 

human activities on the 

ecosystem and landscape. 

 

The Moon:  

 Not only of Cheese and 

Werewolf. 

 

ñOne small step for man. 

One giant leap for 

mankind.ò  

ïNeil Armstrong, July 20, 1969 upon setting foot on the surface of the moon. 

 

Figure 3: The moon in all its glory. This is a composite image of the 
background sky and the full moon. (Image courtesy of T.A. Rector, 
I.P. Dell'Antonio, NOAO, AURA, & NSF). 
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The moon is our nearest celestial neighbor and of great interest to astronomers, world cultures, 

and historians. The moon is a ñplaceò not just an object without form. The Moon is somewhere that 

has experienced direct human exploration.  Emotionally, rationally, and politically the Moon has 

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

Since the Moon is such a close neighbor to the Earth it is without question that it must also tell 

us something about the Earthôs beginnings, similar experiences, and planetary evolution. 

 

General Features and Facts: 

 1/4th the diameter of the Earth 

 The smaller the body the more quickly it loses its internal 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. 

 Lotôs of early cratering. (ejecta and 

rays) 

 Since early times using the naked eye it 

has been apparent that the surface of 

the Moon has two strikingly different 

regions!!  There appear to be areas that 

look dark and smooth and light areas 

that are rough. And using binoculars 

and simple telescopes the surface is 

greatly mottled with craters of myriad 

sizes. 

 

Surface Features: 

Lowlands ï dark, circular, plains, few 

crates. Maria (Mare) ï ñseasò filled by dark lava 

(cooled) basalts. Mare are low lying expanses 

of smooth, dark, and relatively un-cratered 

Figure 4: Smooth dark Mare Imbrium. (Sea of 
Rains). Near the top of the image is the dark crater 
Plato and Montes Apenninus (Apennine 
Mountains) arch down across the center and end 
near the bright ray crater of Copernicus. (Image 
courtesy of Peter Armstrong). 
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material. Often circular and surrounded by vast circular chains of mountains. Mare material is the 

dark, smooth appearing, lava-like material filling the mare basins.  It has the appearance of a 

solidified flood or flow, and is assumed to have welled up from the moonôs interior after colossal 

impacts in the Moonôs history. 

 

 Highlands ï lighter colored, heavily cratered. An earlier stage in moonôs history. 

Rugged, mountainous areas of the moon, generally appear bright and heavily 

cratered. Presumed to be the oldest visible lunar feature. 

 

  Anorthosites ï aluminum and calcium silicates, lighter lower density rock material. 

Many lunar rocks, ñBrecciaò fragments cemented together by violent events (crater 

impacts). 

 

 Mountains ï as on Earth, ranges of peaks which may reach 10,000 ï 20,000 feet 

above the lunar surface.  Usually light colored and fairly rugged, showing very little 

erosion or wear. 

 

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

survived a flooding by mare material which now covers all the lower mountains.  

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

 

 Impact Craters  -- cavity in the Moonôs surface caused by rapidly moving impact with 

a meteor. Raised rim, bright ejected material, and smaller secondary crates are 

characteristic of this common lunar feature. Strong bright rays of ejected material are 

often a sign of relatively recent impacts because the bright streaked rays do not last 

long. 

 

 Central Peaks ï A single or multiple mountain peak within some of the larger impact 

craters on the Moon. These features are caused by a rebounding shockwave of the 

melted (during impact) lunar surface. It is not the remains of the impacting meteor or 

asteroid. 
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For example, (Figure 5) Impact crater Copernicus is approximately 93 km wide and is located 

within the Mare Imbrium Basin, northern nearside of the Moon. Image shows crater floor, floor 

mounds, rim, and rayed ejecta. Rays from the ejecta are superposed on all other surrounding 

terrains which put the crater in its namesake age group: the 

Copernican system, established as the youngest 

assemblage of rocks on the Moon (Shoemaker and 

Hackman, 1962, The Moon: London, Academic Press, 

p.289- 300). 

 Sunken Craters ï An old impact crater whose wall 

has been broken and whose floor has been flooded 

by dark material.  Often only the highest 

portion of the rim survives.  These craters 

clearly predate the appearance of the mare 

material.  

 Wrinkle Ridge ï A twisted, ridge-like 

wrinkle in the mare material, frequently 

having the appearance of a wave crest 

frozen in place. These slightly elevated 

features may be the site from which  

mare-material appears. 

 Rille ï These are depressed channel-like 

features, having the general appearance of 

Figure 5: The ray crater 
Copernicus. Notice the 
central peaks that adorn 
the center of the crater. 
(Image a digital 
recreation of images 
taken by Apollo 17 
/NASA). 

Figure 6: The smooth sunken 

crater Plato. (Image: NASA) 

Figure 7: A rille as seen from Apollo 
mission images. (Image courtesy of 
NASA). 
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dried river beds (no they are not water related).  Twisted into snake like patterns (sinuous 

rille), these features run hundreds of miles across the surface ï and everything on it ï of 

the Moon. They are most likely collapsed channels from which lava at one time flowed. 

 Domes ï A raised, hemispherical projection above the lunar mare.  They resemble frozen 

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

 

 

 

 

 

 

 

 

 

 

 

 

The Origin of the Moon: 

1. Fission Hypothesis: proposed that the moon broke from a rapidly spinning and 

molten proto-earth. 

2. Condensation Hypothesis: Earth and moon condensed simultaneously from the 

solar nebula. 

3. Capture Hypothesis: moon formed elsewhere and was captured by Earth. 

4. Large-Impact Hypothesis: the moon formed from debris ejected into a disk around 

the Earth by the impact of a large protoplanet. (a mars sized object) 

Figure 8: The far side of the moon. The moon, locked in a synchronous 
orbit about the Earth, always presents the same face to observers on 
Earth. This image was taken by Apollo 16 as it orbited the moon.  
(Image courtesy of Apollo 16 / NASA). 
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Tour the Planets: (Terrestrial) 

Mercury: 

 4878km in diameter 

 Mariner 10 ï explored Mercury 

 Highly crated and moonlike curface 

 Largest impact ï Caloris Basin (800miles across) 

 Huge cliffs ï ñScarpsò (2 miles high) ï interior cooled and 

shrank-crust wrinkled. 

 No atmosphere 

 800oF days to ï280oF nights. 

Mariner 10's first image of Mercury acquired on March 24, 1974. 

During its flight, Mariner 10's trajectory brought it behind the lighted 

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

with other instruments. This picture was acquired from a distance of 3,340,000 miles (5,380,000 

km) from the surface of Mercury. The diameter of Mercury (3,031 miles; 4,878 km) is about 1/3 that 

of Earth.  

Venus:  

A Poisonous, Seething, & Hot World. Yet, Our 

Twin World. 

 95% the size of the Earth 

 surface temperature 880oF 

 90 times (earth) atmospheric pressure 

 surface features are hidden by thick dense 

clouds 

 volcanic activity seems to be (or was 

recently) vigorous. 

 No magnetic field? Hmmmé a non-molten 

interior? 

Figure 9: The heavily 
cratered surface of 
Mercury as seen from 
the cameras of Mariner 
10. (Image courtesy of 
NASA). 

Figure 10: The surface of Venus shown 
without the thick atmosphere. The Magellan 
space probe used a form of "echo-location" 
to construct a surface feature map of Venus. 
(Image courtesy of NASA/JPL Image 

Facilities) 



Terrestrial Planets 

Lecture Eighteen  Page 209  

Runaway  Greenhouse Effect  

 Atmosphere   96% CO2  , 3.5% N, 0.5% H2O, H2SO4 , HCl , HF 

 Liquid H2O did not clean out CO2 in Venus earlier times, thus heat baked more carbon 

dioxide from the rocks, which trapped more heat, which backed more CO2 from the 

rocks, whiché..has raised the surface temperature of Venus to temperatures hot 

enough to melt lead. 

 If all CO2 on Earth was put 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 carbon 

dioxide to the atmosphere as much as possible. We need to re-engineer out industrial 

practices and look for alternatives to fossil fuel. 

 

The Magellan spacecraft imaged more than 

98% of Venus at a resolution of about 100 meters; 

the effective resolution of this image is about 3 km. 

A mosaic of the Magellan images (most with 

illumination from the west) forms the image base. 

Gaps in the Magellan coverage were filled with 

images from the Earth-based Arecibo radar in a 

region centered roughly on 0 degree latitude and 

longitude, and with a neutral tone elsewhere 

(primarily near the south pole). The composite 

image was processed to improve contrast and to 

emphasize small features, and was color-coded to 

represent elevation. Gaps in the elevation data from 

the Magellan radar altimeter were filled with altimetry 

from the Venera spacecraft and the U.S. Pioneer Venus missions. An orthographic projection was 

used, simulating a distant view of one hemisphere of the planet. The Magellan mission was 

managed for NASA by Jet Propulsion Laboratory (JPL), Pasadena, CA. Data processed by JPL, 

the Massachusetts Institute of Technology, Cambridge, MA, and the U.S. Geological Survey, 

Flagstaff, AZ. 

 

Figure 11: The hemispheric view of Venus, 
as revealed by more than a decade of radar 
investigations culminating in the 1990-1994 
Magellan mission, is centered at 90 degrees 
east longitude. (Image courtesy of NASA). 
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Sapas Mons is displayed in the center of this computer-generated three-dimensional 

perspective view of the surface of Venus. The viewpoint is located 527 kilometers (327 miles) 

northwest of Sapas Mons at an elevation of 4 kilometers (2.5 miles) above the terrain. Lava flows 

extend for hundreds of kilometers across the fractured plains shown 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 kilometers (0.9 mile) high is 

located at approximately 8 degrees 

north latitude, 188 degrees east 

longitude, on the western edge of 

Atla Regio. Its peak sits at an 

elevation of 4.5 kilometers (2.8 miles) 

above the planet's mean elevation. Sapas Mons is named for a Phoenician goddess. The vertical 

scale in this perspective has been exaggerated 10 times. Rays cast in a computer intersect the 

surface to create a three-dimensional perspective view. Simulated color and a digital elevation map 

developed by the U.S. Geological Survey are used to enhance small-scale structure. The 

simulated hues are based on color images recorded by the Soviet Venera 13 and 14 spacecraft. 

The image was produced by the Solar System Visualization project and the Magellan Science 

team at the JPL 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 edge of Alpha Regio is displayed in this three-dimensional 

perspective view of the surface of Venus. The viewpoint is located at approximately 30 degrees 

south latitude, 11.8 degrees east longitude at an elevation of 2.4 kilometers (3.8 miles). The view is 

to the northeast at the center of an area containing seven circular dome-like hills. The average 

diameter of the hills is 25 kilometers (15 miles) with maximum heights of 750 meters (2,475 feet). 

Three of the hills are visible in the center of the image. Fractures on the surrounding plains are 

both older and younger than the domes. The hills may be the result of viscous or thick eruptions of 

Figure 12: Sapas Mons. (Image courtesy of NASA). 
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lava coming from a vent on the relatively 

level ground, allowing the lava to flow in 

an even lateral pattern. The concentric 

and radial fracture patterns on their 

surfaces suggests that a chilled outer 

layer formed, then further intrusion in the 

interior stretched the surface. An 

alternative interpretation is that domes 

are the result of shallow intrusions of 

molten lava, causing the surface to rise. If 

they are intrusive, then magma 

withdrawal near the end of the eruptions 

produced the fractures. The bright margins possibly indicate the presence of rock debris or talus at 

the slopes of the domes. Resolution of the Magellan data is about 120 meters (400 feet). 

Magellan's synthetic aperture radar is combined with radar altimetry to develop a three-dimensional 

map of the surface. A perspective view is then generated from the map. Simulated color and a 

process called radar-clinometry are used to enhance small- scale structures. The simulated hues 

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

produced by the JPL Multimission Image Processing Laboratory by Eric De Jong, Jeff Hall, Myche 

McAuley, and Randy Kirk of the United States Geological Survey, and is a single frame from the 

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: how for all the generations 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 saying something with all that.  So perhaps it is not surprising that all the 

oldest names for Mars have a peculiar weight on the tongue ïNirgal, Mangala, Auqakuh, 

Harmakhis ï they sounded as if they were even older than the ancient languages we find them in, 

as if they 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 heart. ï ñRed Mars,ò by Kim Stanley Robinson. 

Figure 14: Alpha Regio: Interesting volcanic 
structures on the surface of Venus. (Image courtesy 
of NASA). 
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 Diameter ï 6796km 

 Day ï 24hours/40minutes 

 Tipped 24o on its axis 

 Southern ï Old and cratered 

 Northern ï few craters, smooted by lava 

flows 

 Largest Volcano ï Olympos Mons (370mile 

diameter by 16 mile high!) 

 Largest Valley ï Valles Marineris 

(2500miles long by 4miles deep by 

120miles wide) 

 Old stream beds!! Water once flowed. 

 Once had denser atmosphrer ï H2O 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% CO2 2%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.  

 

 

 

 

 

 

 

 

 

Figure 15: Mars at it appeared during 
1997. The image was taken as Mars' 
northern hemisphere began its own 
wintertime. (Image courtesy of NASA). 

Figure 16: This image shows in colorful detail the surroundings of the Sagan Memorial Station. The big 
rock midway is called Yogi and just to its left is the robot Sojourner Rover. The Mars Pathfinder mission 
landed on 1997 July 4 and collected data for three months. The Pathfinder site was likely awash in water 

in the distant past, but has been dry for the last two billion years. 
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The scene of Valles Marineris shows the entire canyon system, over 3,000 km long and 

averaging 8 km deep, extending from Noctis Labyrinthus, the arcuate system of graben to the 

west, to the chaotic terrain to the east.  

This image is a composite of Viking medium- resolution images in black and white and low-

resolution images in color; Mercator projection. The image extends from latitude 0 degrees to 20 

degrees S. and from longitude 45 degrees to 102.5 degrees. The connected chasma or valleys of 

Valles Marineris may have formed from a combination of erosional collapse and structural activity. 

Layers of material in the eastern canyons 

might consist of carbonates deposited in 

ancient lakes. Huge ancient river channels 

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 Mars, the 

Viking 1 spacecraft returned images of Valles 

Marineris, a huge canyon system 5,000 km 

Figure 17: A color image of Valles Marineris, the great canyon of Mars; north toward top. (Image 

courtesy of Viking Mission / NASA). 

Figure 18: A portion of Valles Marineris that has 
collapsed possibly indicating erosional collapse. 

(Image courtesy Viking Mission / NASA). 
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long, up to 240 km wide, and 6.5 km deep, whose connected chasma or valleys may have formed 

from a combination of erosional collapse and structural activity. This synthetic oblique view shows 

Ophir Chasma, the northern most one of the 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 point-perspective, digital image, centered at latitude 4 degrees S., longitude 71 degrees, 

is a composite of Viking 1 Orbiter high-resolution (about 80 m/pixel or picture element) images in 

black and white and low-resolution (about 250 m/pixel) images in color; no vertical exaggeration. 

The Viking 1 craft landed on Mars in July of 1976.  

 

 

 

 

 

 

 

Ophir Chasma is a large west- northwest-trending trough about 100 km wide. The Chasma is 

bordered by 4 km high walled cliffs, most likely faults, that show spur-and-gully morphology and 

smooth sections. The walls have been dissected by landslides forming reentrants; one area (upper 

left) on the north wall shows a young landslide about 100 km wide. The volume of the landslide 

debris is more than 1000 times greater than that from the May 18, 1980 debris avalanche from 

Mount St. Helens. The longitudinal grooves seen in the foreground are thought to be due to 

differential shear and lateral spreading at high velocities. The landslide passes between mounds of 

interior layered deposits on the floor of the chasma. 

An oblique, color image of central Valles Marineris, Mars showing relief of Ophir and Candor Chasmata; 

view toward north. The photograph is a composite of Viking high-resolution images in black and white and 

low-resolution images in color. Ophir Chasma on the north is approximately 300 km across and as deep as 

10 km. The connected chasma or valleys of Valles Marineris may have formed from a combination of 

erosional collapse and structural activity. Tongues of interior layered deposits on the floor of the chasmata 

can be observed as well as young landslide material along the base of Ophir Chasma's north wall. 

Figure 19: Ophir Chasma on Mars. (Image courtesy NASA) 
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Pathfinder:  

The Sojourner rover's Alpha Proton X-ray Spectrometer (APXS) is shown deployed against the 

rock 'Moe' on the afternoon of Sol 64 (September 7, 1997). The rocks to the left of Moe are 'Shark' 

(left of Sojourner) and 'Half Dome' (behind Sojourner). They were previously measured by the 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20: Sojourner 
analyzing the rock 
nicknamed "Moe." (Image 
courtesy of JPL / NASA) 

Figure 21: The rover is successfully 
deployed on the martian surface. (Image 

courtesy of JPL / NASA ) 


