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Are 
We 
Alone? 
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Why is Earth habitable, but not Venus and Mars?

To explore what conditions make planets habitable, 
start with with the most familiar case (which we 

don’t fully understand)  
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EARTH’S COMPOSITION AND THERMAL STRUCTURE 
CONTROL ITS DYNAMICS & EVOLUTION
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Press & Siever 
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Wood 



6 http://hyperphysics.phy-astr.gsu.edu/hbase/nuclear/
clkroc.html#c4 
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http://www.astronomy.ohio-
state.edu/~thompson/161/
HabitableZone.jpg 

Habitable 
Zone Today 
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http://upload.wikimedia.org/wikipedia/commons/thumb/5/55/Solar_Life_Cycle.svg/
2000px-Solar_Life_Cycle.svg.png 



Star birth in Eagle Nebula 
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Hertzsprung-Russell diagram 
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CRAB NEBULA - 
the remnant of a 
star about 10 
times the mass 
of our sun that in 
1054 exploded 
as a supernova
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Brown & Mussett 

Wood 
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HST image of the 
Orion Nebula, 
located in the 
same spiral arm of 
our Galaxy, 
showing five 
young stars 
surrounded by 
gas and dust 
trapped as the 
stars formed, 
that might 
evolve to 
planets.
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Brown & Mussett 

The nebula flattens  
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Lin, Sci. Am, May 2008 
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PLANETESIMAL
ACCRETION
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Rapid formation of 
kilometer bodies from dust  

Rapid Formation of Moon 
sized bodies by runaway   
          accretion  

Slow (~10 Ma) Formation of  
        Earthlike Planets  

Planet formation 
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Carbonaceous 
chondrite 

Meteorites 

Iron 
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23 
NY Times 



50,000 years ago 

Iron meteorite 50 m diameter at 
~12 km/s 

Crater 1200 m diameter,160 m 
deep, 45 m rim 
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25 Brown & Mussett 

Ward & Brownlee 

Terrestrial 

Outer 



Near Earth 
Asteroid 

Rendezvous 
(NEAR) mission 

(2000) 

Asteroid 433 Eros is a primitive sample from the solar system's beginnings. It has 
homogeneous structure, so never separated into a distinct crust, mantle and core. 
X-ray spectrometer has detected low levels of aluminum relative to magnesium and 
silicon, indicating an undifferentiated composition. Eros, or the parent body it could 
have broken from, has not experienced the extensive melting process that planets 
like Earth undergo in their development. Eros may be related to the primitive 
ordinary chondrites, the most common type of meteorite. 26 



27 



28 

Brown & Mussett 



Frost line ~ 3 AU 
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Press & 
Siever 
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Brown & Mussett 



Mercury’s 
core is too 
big 
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Comets 
Nucleus of comet Tempel 
1 imaged by the Deep 
Impact impactor. The 
nucleus measures about 
6 kilometers across. 
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Press & Siever 
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Lithosphere

Core/mantle 
boundary

Thermal 
boundary 
layers

Asthenosphere  
/ LVZ

Geotherm    
close to   
solidus
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MANTLE 
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Stein & 
Wysession 
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Stein & 
Wysession 

Earth’s heat 
engine



40 Davidson et al  



86% Fe, 
12% S (?), 
2% Ni

80% Fe, 
20% Ni

inner outer

Stein & 
Wysession 
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Conduction

Plate tectonics Plumes

Earth

Venus

MarsMoon, 
Mercury

Solomon & Head, 1991

?
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EARTH

Kaula, 
1975

Stein & 
Wysession 43 



44 



Schubert et 
al., 1980 45 
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Komatiite 

http://all-geo.org/highlyallochthonous/2007/12/
a-deskcrop-full-of-komatiite/ 
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Ward & Brownlee 
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MARS - TOO COLD  
In past Mars had liquid 
water, as shown by 
sediment deposits

Now, however, it doesn’t

Somehow Mars climate changed, perhaps several times between hot/wet 
periods when "greenhouse" gases in atmosphere kept planet warm to cold/

dry times without a greenhouse when the surface got too cold for liquid 
water and most life (if there ever was any) 51 
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Kepler Mission 
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This artist’s impression shows the planet HD 85512b orbiting the 
Sun-like star HD 85512 about 35 light-years from Earth. This planet 
is about 3.6 times as massive as the Earth is at the edge of the 
habitable zone around the star, where liquid water, and perhaps 
even life, could potentially exist.  


