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The energy of accretion and that of the decay of the 
radioactive elements are the two most important heat sources 
for the thermal evolution of the planets. The accretional 
energy together with the radiation causes a strong heat pulse 
in the outer parts in the initial stage. With increasing time 
this peak flattens, broadens, and moves downward, while the 
initially strong radioactive heat sources produce a rapid hea- 
ting of the whole interior of the planet. It seems likely that 
all larger planets and even the parent bodies of some meteori- 
tes were subjected to the two initial heating processes, which 
resulted in a powerful differentiation and in the formation 
of metallic cores. 

Once the melting temperature T = Tmis reached in the in- 
terior and cooling processes act near the surface, inevitably 
fluid state convection will start and produce a very rapid 
heat transport. A later stage of cooling must necessarily trans- 
form the fluid state into solid state convection. This process 
involves creep and takes place between 0.7 T,<T<T,. Solid state 
convection, as it can be found in the earth's asthenosphere 
today is a far more effective mechanism of heat transport than 
is conduction at low temperatures T(0.7 T, ( Tozer ( 4 ) ,  Run- 
corn (3) ). Conduction processes certainly prevail in'the 
lithospheres. Solid state convection in the mantles ends, when 
cooling gets to T = 0.6 to 0.7 T and hence produces viscosi- 
ties larger than about 1022 These relations between 
temperature T, melting point T, aild viscosityq are well known 
from Kohlstedt and Goetze (I), Meissner and Vetter (2) ard 
others. A temperature o T = 0.8 TIIl for instance is comected 
with viscosities of lo1$ to 1o2I poise and with creep veloci- 
ties of 10 to 1 cm/year, thus providing a rather efficient 
transport mechanism. A temperature between 0.6 ~ n d  0.7 Tm may 
be the average final temperature of planetary interiors because 
once solid state convection stops, only the very slow process 
of conduction remains. Hence, two assumptions will be made in 
order to calculate the present day temperature distribution 
below the lithospheres of terrestrial planets: 

I. The naterial of the mantles as produced by the process 
of global differentiation is similar. Hence, its mel- 
ting point is'only a function of pressure. 

2. The mantles have achieved the same average ratio of 
temperature T to melting point T around 0.65 which 
characterizes the end of solid s?ate convection. 
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It is obvious that under these conditions the tzmperature T is 
only a function of pressure p at a given depth z, and hence p(~) 
curves and z(T) curves niay easily be obtained. 

As condition 2 is not valid in the lithospheres of pla- 
nets, where conduction processes dominate, condition 2 is re- 
placed by: 

3. TQe concentration of heat sources within a given deyth 
z in the lithosphere is a function of the ratio of the 
mass of the planet to the mass of the surface shell of 
depth z*.  

It is shown that with this additional assumption the cur- 
vature of the ~ ( z )  curve as well as its temperature gradient at 
the surface is also a gunction of pressure p, provided the ave- 
rage density down to z, Po, and the thermal corlductivity k are 
similar. If surface temperatures To are also similar, T(p) must 
be similar for all planets and for all mant1.e depths, and T(z) 
curves can easily be constructed from the known z(p) relation- 
ships. In practice only for Venus ma or corrections have to be 
applied. Variations of planetary p(Ty curves caused by devia- 
tions inF, To, and k as well as from one of the conditions I 
to 3 are Jiscussed. 

Defining the lithospheres as the area, where T40.7 T it 
is shown that its depth (and that of any other temperature Ti- 
vel) is roughly inversely proportional to the surface gravity 
g. From this relation the maximum isostatic elevations on Mars, 
Venus, and Earth are calculated and compared to the observa- 
tions. Finally, from the above mentioned relations T(p) and 
T(z) and from relations between T/T, and the viscosity q ,  T(z) 
curves are converted to q ( z )  curves. 

The derived formulas and relations are considered to ~i 
guide lines for comparative planetology. They certainly haGe 
be modified according to our increasing knowledge of the pla 
nets' interiors. Fig. 1 gives T(p) relationships for stzble 
shield areas of the earth supposed to represent also other 
planetary T(p) functions. 
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Figure 1 Temperature-Pressure Relationship for the Earth 
( Shield area ) and other Terrestrial Planets 
p = pressure in kbar ZMa = Depth in Mars in 

km 

'li10 
= Depth in Moon Ze = Depth in Earth in 

krn 
ZMe = Depth in 14ercury T = Melting point m 
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