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Introduction 

Although a variety of rock types have been found at the lunar surface, the manner in which 
crustal composition varies laterally and vertically has not been well constrained. Lunar crustal 
thickness maps have been published, but these have traditionally assumed that Airy isostasy 
prevails (constant crustal density) and that compensation occurs at the lunar moho (most 
recently see Neumann and Zuber, [I]). Alternatively, is has been proposed by Solomon [2] 
that the correlation between mineralogy and topography suggests that the crust is compensated 
at least partially by a Pratt mechanism (lateral variations in density). Both of these models 
assume inherently that the crust is not compositionally stratified. 

Several lines of evidence though do in fact suggest that the crust is vertically stratified. 
Ryder and Wood [3] and Charette et al. [4] interpreted LKFM basalts as lower crustal material 
exhumed by basin forming impacts, while Spudis et al. [5] presented evidence that basin 
ejecta composition is correlated with basin size, implying that larger impacts excavate greater 
amounts of lower crustal material. Additional evidence for a stratified crust comes from the 
Apollo seismic data which indicates that a seismic discontinuity exists 20 km below the surface 
in the region of the Apollo mare sites [6] and also possibly beneath the Apollo highland site 
[7]. Although it is likely that this discontinuity is compositional in origin, it may also represent 
a boundary between fractured and unfiactured rock [8,9,10] 

Geoid and Topography Relationships 

Using newly obtained gravity and topography data [ 1 1,121 as well as a near global surface 
iron concentration map [13] obtained from the Clementine mission, the structure and com- 
pensation of the lunar crust have been investigated. Geoid to topography ratios (GTRs) are 
tested against single layer Pratt and Airy compensation models, as well as dual-layered Airy 
models. Using an empirical relationship between iron concentration and density, as well as 
taking into consideration the effect of porosity due to shock induced fractures, the upper crustal 
density is constrained to lie between 2860 and 2720 kg/m3. If one assumes that the South Pole 
Aitken Basin is representative of lower crustal material [13] then the lower crustal density is 
constrained to lie between 3140 and 3050 km/m3. 

Using these constraints it is found that only the single layer Airy model and two layered 
Airy model with upper crustal thickness variations are consistent with the petrologic and seismic 
constrains (namely the 60 and 75 krn depth to the moho at the Apollo mare and highland sites 
respectively [6,7]). For the single layer Airy model it is found that compensation occurs 
intracrustally at a depth of approximately 40 km. This is consistent with the existence of a 
20 km seismic discontinuity at the Apollo 12 and 14 sites (which lie 1.7 km below the mean 
planetary radius.) For the two layer model it is necessary for the crust to be vertically stratified 
with an upper crustal thickness lying between 0 and 26 km. 
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Conclusions 

Although the geoid and topography data can not uniquely distinguish between a single layer 
Airy model and a two layered Airy model with upper crustal thickness variation, the following 
important results do hold: (a) Lateral variations in crustal density are more than an order of 
magnitude less than expected for a Pratt compensation model that fits the GTR data. If the 
surface chemistry is representative of the underlying crust, a Pratt component of compensation 
is insignificant. (b) A two layered Airy model with lower crustal thickness variations, constant 
upper crustal thickness, and compensation occurring at the moho does not fit the observed lunar 
GTRs and geophysical constraints. (c) Both the single-layer Airy model and two-layered Airy 
model with upper crustal thickness variations require the existence of a vertically stratified lunar 
crust and (d) the fact that the crust is stratified supports the interpretation that the intracrustal 
seismic discontinuity is compositional in nature. 

We believe that the available data is more consistent with the single layer Airy model with 
compensation occurring intracrustally for the following reason: If the crustal structure of the 
Apollo mare sites as revealed by the seismic data is typical of the crust, then the two layer Airy 
model with upper crustal thickness variations is not consistent with an upper crustal thickness 
lying between 0 and 26 km. This model predicts the Apollo mare sites to have a maximum 
upper crustal thickness of 11 km, which is half of the observed value. 

We suspect that the higher heat production and temperatures around 3 to 4 Ga ago may 
have allowed the lower crust to easily deform under deviatoric stresses, thereby allowing 
compensation to occur intracrustally. Using the formalism developed in G r i m  and Phillips 
[14] we are currently attempting to determine the relative amounts of compensation that would 
occur at the upper-lower crustal interface and Moho due to the emplacement of a surface load. 
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