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Any attempt to infer a distribution of mass from observed gravity anomalies 
faces a fundamental non-uniqueness problem. Some additional data and/or selec- 
tion criteria are necessary to restrict the range of solutions from such an 
inversion. For the study of lunar crustal structure, important constraints are 
provided by results from the Apollo Passive Seismic Experiment: the crust is 
about 55 km thick in the vicinity of the Apollo 12 and 14 landing sites (about 
5"S, 20°W) [1,2], and somewhat thicker beneath the Apollo 16 site in the cen- 
tral highlands (lOOS, 15"E), 75 km thickness for the same mean crustal velo- 
city [3]. Even with this information, further assumptions must be made in 
order to derive useful global models for the lunar crust. We are developing a 
suite of crustal structure models based on several distinct sets of assumptions, 
in order to assess the resolving power of the present gravity and topography 
data. Details of the lateral variations in crustal thickness or density and 
in the degree of isostatic compensation bear strongly on the mode of early 
crustal differentiation and on the subsequent thermal history of the Moon. 

Published models can be divided into two categories: local [4,5,6] and 
global [7,8]. Each class has its limitations. Local models have to be placed 
in the context of global or regional trends in order to be interpretable. For 
example, Ferrari et al. [6] account for the regional trend in the observed 
gravity anomaly in their investigation of the lunar Apennines. Bowin et al. 
[4], on the contrary, fail to correct their model for global topographic 
effects (by using a free-air anomaly rather than the Bouguer anomaly), and 
instead make a questionable assumption about the "normal level of the lunar 
surface." Global lunar models, particularly harmonic ones, suffer from inade- 
quate data coverage at high latitudes and over the far side. This data limi- 
tation results in models with no variations on wavelengths shorter than several 
hundred kilometers. In the Bills and Ferrari [7] model, for example, features 
such as Mare Smythii and Mare Nectaris are not well resolved. 

In order to take advantage of the concentration of accurate data at low 
latitudes on the near side of the Moon, we have utilized the Taylor series 
algorithm of Morrison [ 9 ]  to develop what we call a "quasi-global" model of 
lunar crustal structure. Lateral density variations (density or density con- 
trast times thickness for topography, mare basalts, and relief at the crust- 
mantle interface) are averaged over blocks of either 3Ox3" or 6Ox6" size for 
the near side between +30° and -30' latitude; blocks are bounded by lines of 
constant latitude and longitude. The gravity anomaly is then calculated for 
all of the blocks. Topographic data are 3" by 3" averages from the Apollo 
laser altimetry experiment [lo] were available, with values from a harmonic 
topographic map used elsewhere [ll]. The gravity anomaly data which we try 
to match are derived from the disk mass model of Wong et a1 [12]. The re- 
sulting crustal models cover much of the near side with a resolution suffi- 
cient to show the effects of most major features. 

The first testable assumption is that Airy isostatic compensation is 
complete for 3Ox3" crust/mantle blocks. Contributions to the anomalous 
gravity field are considered from three sources: mare basalt fill (3.3 g/cm3 
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density), topography (2.9 g/cm3 density), and the crust-mantle interface (0.4 
g/cm3 density contrast). The thickness of the mare basalts (and the corres- 
ponding compensation at the lunar "Moho") are varied for each block in an 
attempt to match the observed gravity anomaly. For most of the mascon maria, 
basalt thicknesses exceeding 60 km are required. Since such thicknesses are 
unreasonable [13], we conclude that strict isostasy is not an appropriate 
assumption for modeling the crustal structure of the mascon maria. 

For a second model, we assume that all lateral density variations (other 
than topography) occur on the crust-mantle interface only. We compare this 
model with the crustal thickness map of Bills and Ferrari [7], derived using 
the same assumption. We choose our model on the basis of minimizing the 
weighted r.m.s. residual gravity anomaly when compared to the Wong et al. [12] 
disk model, as well as meeting the constraints from the seismic experiment. 
(We assign a minimum a priori residual of 10 mgals to account for errors in 
the topography and the disk model; residuals from points closer to the bound- 
aries of our model are weighted less than residuals at more central points.) 
The model, shown in Figure 1, appears similar in many respects to the model of 
Bills and Ferrari [7]. Our model requires a global mean crustal thickness of 
65 km (about 55 km for the low-latitude near side alone) as opposed to 70 km 
for their model. Features corresponding to Mare Smythii and Mare Nectaris are 
better resolved in Fig. 1 than in the harmonic representation [7]. The pre- 
dicted thickness at the Apollo 16 site is very close to that estimated from 
converted seismic wave times [3]. 

We also consider alternative assumptions for determining crustal thickness 
variations. In a third model, the mare basalt fill thickness is considered 
explicitly as a variable. In a fourth model, a Pratt-type (density variation) 
rather than an Airy-type (thickness variation) compensation is assumed to ac- 
count for gravity and topographic variations. That this assumption may be at 
least partly operable is suggested by the reported positive correlation of Al/ 
Si [14] and negative correlation of Fe [15] with elevation in non-mare regions. 

Lunar crustal thickness variations are strongly assumption-dependent, and 
are not well constrained by actual data. Thus recent attempts to correlate 
surface chemistry with crustal thickness [16,17] and to relate such correlations 
to crustal differentiation may be misleading. 
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