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ABSTRACT 

The central temperature of the Moon is probably in the 
range 1000K-2000K. Yet the surface lunar temperature is 
scarcely affected by the outward flow of heat, being determined 
almost entirely by the balance between solar heating and surface 
reradiation. The diurnal temperature wave in the topmost layer 
of the regolith is damped within a few centimeters of the surface 
(Pugh and Bastin (1)) whilst the steady temperature below this 
is effectively a function of the latitude only. The 
simplest model predicts a variation with latitude:- 

T(+) = T o )  C O S ~ $  / ' )  

whereas surface roughness effects (see for example Bastin and 
Gough (2)) would predict the variation in the subsurface temp- 
erature to be closer to c o s " ~ + L ~  , a result in broad agreement 
with millimetre wave observations, Troitskii (3). 

The temperature, immediately below the limit of the extent 
of the diurnal wave, represents a boundary condition to the flow 
of internal heat within the moon. Although the global 
differences of temperature represented by equation (1) are small 
compared with the internal temperatures, they may be important 
in determining latitude differences in the thermal evolution of 
subsurface regions. 

To investigate this possibility we have considered 
solutions of the heat flow equation: 

1 (2  ) at 
where the quantities have their normal significance E being the 
volume rate of heat generation. We have considered the steady 
state solution, with€ time-independent, and for these restricted 
conditions have shown that the temperature T can be considered 
to be -the sum of two indepzndent terms. The first term is the 
spherically symmetrical solution: 

T, = l-(o,o) [ I  - '72 I (3 

where T(o,o)is the central temperature, r the distance from the 
lunar centre and R the moon's radius. The second is the 
solution of (2) for the case of axial symmetry with no heat 
sources. 
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and subject to the latitude Fig.1. Latitude variation 
boundary condition discussed above. of mean surface 
This solution 7 r  can be written as temperature 
a sum of Legendre polynomials of 
which, for symmetry reasons, only 
the even terms are non zero. 

The viscosity of rocks varies rapidly with temperature and 
these relatively small temperature differentials at depths of a 
small fraction of the lunar radius could produce viscosity 
variations of as much as 100 or more. Over certain time scales, 
this could represent the difference between an essentially 
static solid regieme and one in which a liquid hydrostatic 
equilibrium formation is achieved. 

Figure 1 shows the form of 
the surface temperature adopted: 

Although there is a marke6 tendency for dark flat lunar 
marial and Cayley material to exist preferentially on the *earth- 
ward face of the moon and at low elevations, particularly 
within circular basins, such material also exists preferentially 
close to the eq~ator. This paper suggests that the reason for 
this equatorial preference is to be faund in the higher sub- 
surface equatorial temperatures. T5e idea may not conform xith 
211 theorles of formatlon of maria and Cayley areas but it is 

- 
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this contains only the first four 
terms in the Legendre expansion 
and was matehedoto the c o s v a $ J  
form at $U = 20 40' 60' and 80'. 

200- 

The fortuitous non-zero temper- 
atures at = 90° is probably ,- (.> 
quite realistic since for many 
reasons it is likely that the - 
polar temperatures are well above 
absolute zero; approximate 
calculations showing the figure 
T(90)=9OX to be about correct. 

0 1 I \ I 

Figure 2 shows the results o0 40" 8 0 O  
of the calculations of the 
temperature for depths down to 

+' 
0.2R. It is seen that the effect of the latitude variati'on in 
surface temperature is propogated down to large distances 
within the moon and at a depth of 0.2R the latitude variation in 
temperature is almost as great as at the surface. It can be 
shown that similar differentials will exist in non-steady 
situations. 
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Figure 2. 
Computed 
temperatures within 
the Moon. 

consistent with the li uefaction model for the formation of 
these regions (Bastin q 4 ) ) ,  and therefore adds strength to this 
hypothesis. 
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