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Clementine satellite gravity and altimetry observations were analyzed in lunar spherical coordinates 
for density variations that may be related to the crustal features and evolution of Mare Orientale. The analysis 
considered 2'-gridded free-air gravity anomaly and LIDAR topographic estimates for a 68' by 68' region of 
the moon centered roughly on Mare Orientale. At this scale of coverage, the gravity anomalies appear to be 
dominated almost completely by crustal density variations related to surface topography, crustal isostasy, 
mantle topography, and meteorite impact. The topography of the study region includes over 11 km of relief, 
the gravity effect of which we modeled in lunar spherical coordinates by Gauss-Legendre quadrature 
integration assuming a topographic density of 2.8 g/cm3. We observed substantial positive and negative 
correlations between the free-air and topographic gravity anomalies that seriously limit the utility of simple 
Bouguer gravity anomalies for lunar subsurface studies. Using the wavenumber correlation spectrum between 
the free-air and topographic gravity anomalies, we designed correlation filters to extract the correlative 
anomalies in the two data sets. The correlative free-air gravity anomalies constitute isostatic anomalies that 
may be interpreted in terms of radial adjustments of the crust of up to 44 km assuming Airy-Heiskannen 
compensation and a mantle density contrast of 0.5 g/cm3 with the crust. Subtracting the isostatic anomalies 
from the free-air and topographic gravity anomalies yields residual isostatic and topographic gravity anomalies, 
respectively, that show zero correlation. This lack of correlation may be interpreted in terms of upper mantle 
topography that involves over 100 krn of relief assuming Airy-Heiskannen compensation of the crust. Beneath 
the center of Mare Orientale, our results indicate a minimum crustal thickness of about 17 km. The 
corresponding residual isostatic gravity anomalies for Mare Orientale may be related to a central cone-shaped 
body of 0.5 g/cm3 density contrast with the apex extending nearly 5 krn below the surface, that is surrounded 
by a ringed-shaped body of - 0.5 g/cm3 density contrast, possibly extending 7 km below the surface. These 
bodies resulted possibly from meteorite impact that produced a roughly circular region of breccia and highly 
fractured crust with a higher density core where some remelting of the rocks about the impact site may have 
occurred. Our results are limited by any errors in the topographic and gravity data, and the lack of uniqueness 
of our gravity anomaly solutions. Incorporating near-surface geologic constraints from Clementine's remote 
sensing data, as well as crustal information from gravity, magnetic, and remote sensing observations that are 
anticipated from the planned Lunar Prospector misssion will greatly reduce the interpretational ambiguity of 
these results. 

In the figure below, the principal features of our analysis are well demonstrated for a profile that 
extends from (OSON, 242.5%) southeastwards across Mare Orientale to ( 4 9 . 5 ' ~ ~  292.5%). Panel A gives the 
free-air and residual isostatic gravity anomalies evaluated at 100 km above the mean radius (1738 km) of the 
lunar surface. The differences between these two anomaly profiles constitute isostatic anomalies defined by 
the free-air anomalies that are highly correlated with topographic gravity anomalies. Panel B gives the mass 
distribution within the upper crust that, when modeled in lunar spherical coordinates, satisfies the residual 
isostatic gravity anomalies of Panel A with negligible error. The upper surface of this distribution is the crustal 
topography measured by Clementine's LIDAR. These elevations are relative to the moon's mean surface radius 
which is represented by the horizontal solid line. Darker and lighter shading defines bodies with density 
contrasts of +I- 0.5 g/cm3, respectively. Panel C gives the mass distribution within the lower crust that 
annihilates the topographic gravity anomalies which have zero correlation with the residual isostatic anomalies 
of Panel A. The horizontal dashed line is the reference depth of 64 km below the moon's mean surface radius 
that we assumed for our analysis. Darker bodies above this datum represent displacements of the lower crust 
by mantle material of positive density contrast (0.5 g/cm3), whereas the lighter bodies below the datum 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



1364 
MARE ORIENTALE CRUSTAL MODELING: von Frese R. R. B. et al. 

represent displacements of the upper mantle by crustal material of negative density contrast (- 0.5 g/cm3). The 
lunar spherical coordinate distributions of mass in Panels B and C completely satisfy Clementine's topographic 
and residual isostatic gravity observations. 
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