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The Terrestrial Planets, Life Cycle, and Atmosphere

Mercury Venus

Earth Mars



Thermal History of the Terrestrial Planets

Heat sources for early Earth

• Accretion – material 
added to earth causes 
heating due to conversion 
of kinetic energy

• Radioactive decay (U, Th, 
and K)

• Core formation –
conversion of potential 
gravitational energy to 
heat



Composition of Atmosphere (Vol %)

Surface 
T (oC)

Surface 
P (Atm) CO2 N2 H2O Ar O2

Venus 468 99 96.4 3.4 0.14 18.6 
ppm

69.3 
ppm

Earth 15 1 0.033 78.084 Var 0.934 20.946

Mars -63 0.0052 95.32 2.7 0.03 1.6 0.13

Characteristics of the Atmospheres of Venus, Earth and Mars

Origin of the Atmospheres

• Primary – left over from the formation of the solar system

• Secondary – formed after construction of the planet



Holland’s Three Stage Model for the Origin of the Earth’s Atmosphere

1) First Stage – prior to core formation. Native iron present. Volcanic gases are highly 
reduced. H2, CH4, NH3. 4.5 to 4.0 Ga.

2) Second Stage – after core formation. Atmosphere becomes less reducing. Major 
changes are CO2 replacing CH4 and N2 replacing NH3. 4.0 to 2.0 Ga.

3) Third Stage – photosynthesis initiated and free oxygen builds up. Large banded iron 
formations do not form after 2.0 Ga which indicates a build-up in oxygen which inhibits 
the transport of iron in solution. 2.0 Ga to present

Other patterns deduced from the geologic record:

1) The concentration of various gases in the atmosphere has varied throughout geologic 
time.

2) There have been times in the past when oxygen content has been much greater than 
today (30% versus 21%) and spontaneous wildfires have occurred.

3) Carbon dioxide concentrations in the atmosphere have been both significantly lower 
and significantly greater than at present.



Venus and Earth are very similar planets in terms of size and 
density. Why are their atmospheres so different?

• Total amount of C, H, and N in 
the surface reservoirs for 
both planets are very similar 
but they are found in 
different reservoirs –
atmosphere for Venus; 
hydrosphere, polar caps and 
sediments for Earth.

• Relative to Venus and Earth, 
very little C, H, and N in Mars 
surface reservoirs. Because 
Mars is smaller than Earth 
and Venus its active thermal 
history is much shorter. A lot 
less degassing.



So why are Venus and Earth different? It all has to do with liquid water versus water vapor. Liquid 
water formed on Earth, not on Venus. Carbon dioxide was removed from the Earth’s atmosphere 
by photosynthesis and oxygen was added. Life did not develop on Venus. Mars may be a different 
story, but the limited amount of degassing inhibited the process.



















British thermal unit (Btu) = amount of heat needed to raise one pound of 
water at maximum density through one degree Fahrenheit.

1Btu = 1.054 × 103 joules



tonne of oil equivalent (toe) = the amount of energy released by burning one tonne of crude oil. 
It is approximately 42 gigajoules or 11,630 kilowatt hours.





1 watt = 1 joule s-1

1 kilowatt-hour = 1000W x 3600 s = 3.6 x 106 J


