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Is There A Standard Model Of The Moon?; Thomas L. Wilson, 
NASA, Johnson Space CenterISNl,  Houston, Texas 77058. 

Standard models are commonplace in physics and astrophysics, serving as 
paradigms to focus attention on strengths and weaknesses in the models themselves. 
There is a standard model of electroweak interactions in particle physics, a standard 
model of the sun, a standard big-bang model in cosmology, and so on. 

One of the most confusing things for a physicist who first looks at the vast 
literature on lunar science is that there is no standard model of the Moon. Any 
serious proposal involving physics on the Moon necessarily searches for a 
respectable thermonuclear model of the object, from which to discuss bulk 
characteristics such as natural radioactivity. Physicists ask straightforward 
questions, such as 'Is the Moon more or less radioactive than the Earth?' - and they 
often find vague or partial answers. Regarding internal structure, they look for a 
consistent density model such as the PREM (Preliminary Reference Earth Model) 
analysis for Earth [I] .  There is none. 

One discovers a great diversity of 
opinion regarding the Moon, due in some part 
to the lack of global data. All models of 

Radioactive 
internal, bulk composition appear to be Crust = 70 km 
strongly coupled to the history of the Moon's 
thermal evolution and even origin [ 2 ,  31. 
Some have the radioactive abundances 
homogeneously distributed throughout the 
entire stucture [4],  and others have them 
only in the crust. A more recent study of 
density [5] gives some 35 models from which 
to choose, none of which is  precisely 
formulated like the PREM model for Earth. 

In pursuit of the standard lunar model, 
then,  the  fo l lowing simplif ication is  
suggested for new investigators in this field. 
Figure 1 depicts a spherical thermonuclear 
shell of outside radius r=1738 km, and a Figure 1. Thermonuclear shell 
crustal thickness of 70 km with mean densitv model of the Moon. E x c e ~ t  for 
Pcrus t  = 2.85 g ~ m - ~ .  All of the radioactive integration form factors ,  a 

radiant shell can be represented lunar abundances are assumed to reside in by a point source at the center 
the crustal shell. Because the 4 0 ~  abundance of the object for an 
dominates the antineutrino luminosity [ 6 ] ,  observer .  
the critical 4 0 ~  abundance assumed is  112 
that of Earth [7, 81, or 96 ppm (versus 170 ppm 
for Earth). 

A five-layer density model [9] is presented in Figure 2. It is consistent with 
Nakamura et  al. [ l o ]  as well as the envelopes described in [S], subject to the same 
conditions of mean bulk density P a v  = 3.3437 g cm-3 and a moment of inertia 
constraint c / M R ~  = 0.3905, both taken from [ l l ] .  

Asymmetries from the model which are known to exist, such as mascons [12] 
and 6:l  variations in radioactivity away from the Oceanus Procellarum [12-141, can 
be introduced as deltas or local perturbations to this representation. Site-specific 
problems which address particular selenographic areas can be superimposed upon 
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this picture. In this respect, a standard model is most concerned with determining a 
reasonable, simplified description of the bulk characteristics of the Moon. 

Figure 2.  Five- 
layer lunar density 
model used in the 
de te rmina t ion  of 
the neutrino opac- 
itiy of the Moon 
[Ref.9]. The therm- 
onuclear shell is 
the outer layer. 
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Thermonuclear shell models appear to be common in geophysics. The ultimate 
determination, however, of the radiogenic component distribution is very model 
dependent. The only noninvasive means for measuring this experimentally appears 
to be  antineutrino astronomy [6]. In the meantime, simplified pictures are very 
useful in the search for a standard model. 
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