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THERMAL EVOLUTION MODELS

The very first attempts to study the Earth
as a whole and as a physical system bound to evolve.

Assumptions:

(1) Conductive heat transport
(2) Initial conditions ?
(3) Observed heat flow

(…)

(4) Radiogenic heat production



Model calculations

(1) Conductive heat transport
(2) Initial conditions ?
(3) Observed heat flow
(4) Radiogenic heat production
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Fig. 15. The current vertical temperature dis- 
tribution for oceanic structure at U concentrations 
of 3.3 X 10 -s g g-• and 5.5 X 10-s g g-X. The 
dashed lines correspond to the melting relations 
for basalt and eclogite [Yoder and Tilley, 1962]. 

trial ratios for the radioactive isotopes, models 
in which the radioactivity is concentrated in the 
upper 1500 km give the observed heat flow if 
the average U content of the mantle is between 
4 and 5 X 10 -8 g g-X. An average mantle con- 
centration greater than 5.5 X 10 -s g g-X will 
yield internal temperature distributions in which 
the melting temperature is exceeded if the radio- 
activity has the radial distribution given by the 
oceanic model. There is a dependence of these 
results on the assumed initial temperature dis- 
tribution which in the model was assumed to be 
1000 ø at 600 kin. A higher initial temperature 
would require lower radioactive abundances in 
order that the present temperature not exceed 
the melting temperature. 

The calculations also illustrate the impor- 
tance of an increasing effective thermal con- 
ductivity with depth. Partly for convenience a 
T • dependence has been assumed, though lay- 
ered models with an increasing conductivity 
would yield similar results. If the conductivity 
does not increase with depth, the temperatures 
required to produce the internal temperatures 
consistent with the present-day surface heat 
flows are far in excess of the melting tempera- 
tures. A marked near-surface concentration of 
radioactivity (continental model) is sufficient to 

lower the internal temperatures below the melt- 
ing point. The fact that the radioactive ma- 
terial must be buried at depth under oceanic 
areas, and yet the melting temperature must 
not be exceeded, argues for the importance of 
radiation as a mechanism by which heat is 
transported. 

Hoyle and Fowler [1964] suggest a value of 
the U conccntratioa in the mantle of 5.6 X 10-' 
g g-X, corresponding to about 3.6 X 10 -8 g g-X 
for the whole earth. The heat flow resulting 
from such a concentration is 68 ergs cm-' sec -x 
for an oceanic structure and 78 ergs cm-' sec -x 
for a continental structure. Both these values 
are somewhat larger than those observed. I-Iow- 
ever, as has been noted, it would be possible to 
construct a model in which sufficient radioac- 
tivity is concentrated in the upper 1500 km to 
provide the observed heat flow and additional 
radioactivity is buried at greater depth. For 
example, let the U concentration in the upper 
1500 km equal 7.9 X 10 -8 g g-X, which is equiva- 
lent to 4.5 X 10 -s g g-X for the mantle as a 
whole. The concentration in the lower mantle 
would then have to be 2.7 X 10 -8 g g-X for the 
total mantle to have an average concentration 
of U of 5.6 X 10 -8 g g-X. A concentration of 
2.6 X 10 -8 g g-X in the lower mantle would pro- 
duce 2.6 X 7.2 X 109 ergs g-X, which, with a 
heat capacity of 1.3 >< 107 ergs g-X oc-x ' will in- 
crease the temperature by 1440 ø over 4.5 Gy. 
If the initial temperature was as low as 1000 ø, 
the temperature at depth in the I-Ioyle-Fowler 
model would be 2440 ø. From the presently 
available experimental melting relations it is 
uncertain whether the deep burial of radioac- 
tive material would produce melting. It is thus 
seen that it may be possible to accommodate 
the I-Ioyle-Fowler distribution within the earth 
if the initial temperature of aggregation is low 
and if radiation makes an important contribu- 
tion to the thermal conductivity. This last con- 
dition is not necessary. A distribution in which 
the concentration of radioactive material toward 
the surface is intermediate between that of the 
continental and oceanic structures would be 
compatible with the postulated melting curve. 

It is clearly possible to construct earth models 
in which U and Th dominate the heat produc- 
tion. There remains the important question of 
the total radioactivity of the earth. A solution 
requires a far better estimate of both the ini- 

(McDonald, 1964)



Main constraint:
avoid melting in the mantle.

Solutions:
Initial conditions,
High thermal conductivity at depth,
Concentration of heat producing elements in a surface layer,
Convective motions.






