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MARTIAN ELASTIC LITHOSPHERIC THICKNESS FROM FLEXURAL AND 

GRAVITATIONAL MODELING; E.P. Turtle and H.J. Melosh, Lunar and Planetary 
Lab., University of Arizona Tucson, AZ 85721. 

The way in which an elastic lithosphere responds to a load placed upon it 
depends directly on specific parameters of both the load and the lithosphere. 
Therefore observations of the Martian lithospheric response to volcanic loading can 
provide information about Mars' structure. Comer et al. [I] mapped the locations of 
circumferential graben caused by flexure of the lithosphere under various volcanic 
loads. Through flexural modeling they were able to determine lithospheric 
thicknesses for which failure would occur in these regions. In our research we have 
created topographic and gravitational models for various volcanic loads on the 
Martian lithosphere and compared the results to the observed topography and 
gravity for Mars in order to determine the thickness of the elastic lithosphere in  
these regions. 

We have the most recent gravity and topography data for Mars. The gravity data 
are in the form of the Gravity Mars Model 1 (GMM-1) [2,3], which is a spherical 
harmonic expansion of Martian gravity complete to degree and order 50. The 
topography data are a 50th degree and order spherical harmonic expansion of the 
USGS Digital Elevation Model referenced to the GMM-1 geoid [3,4]. We use these 
data sets to reconstruct maps of the topography and gravity for the regions around 
each of the volcanoes to be modeled. From the maps we generate profiles of gravity 
and topography by averaging radial profiles taken at one degree intervals around 
each volcano, excluding external influences, e.g. the Tharsis Montes region is 
omitted from the circurnferentially averaged profiles for Olympus Mons. 

For the creation of the models we represent the structure of Mars as an elastic 
plate overlying a fluid interior and solve the thick plate flexure equations [5]. We 
assume appropriate values for Young's modulus and the Poisson ratio and vary the 
lithospheric thickness. We approximate the shape of the volcanic loads as the 
superposition of two axially symmetric gaussians, varying the parameters: density, 
height of each gaussian, and radius of each gaussian. After allowing the model 

lithosphere to flex in response to the imposed load, the sum of the load height and 
final lithospheric deflection as functions of distance from the he center of the load 
gives the total topography. 
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The structure obtained by this process is then used to model the gravity anomaly 

due solely to the volcano and its effect on the lithosphere. A cross-section of this 

axisymmetric structure is divided into a matrix. For each element of the matrix we 

calculate the gravity anomaly due to a ring intersecting the element. The gravity 
signatures of the rings are summed over the entire cross-section to calculate the 

gravitational anomaly perceived at a single point. This process is then repeated for 

points of increasing radial distance from the center of the volcanic load to generate a 
radial profiles. 

The resulting profiles of topography and gravity are compared to profiles from 

the reconstructed data to find models that agree with both data sets. Although the 

error bars on both the topography and gravity data sets are large, by requiring that a 
model fit both we significantly decrease the range of acceptable models. 

There are three volcanic structures on Mars that have distinct topographic and 

gravitational signatures which are not significantly affected by the proximity of 
other large volcanoes: Olympus Mons, Elysium Mons, and Alba Patera. In previous 
work [6] the modeling procedure described above was applied to Alba Patera and the 
lithospheric thickness found which simultaneously fit both the gravity and 

topography data in the region was 30*15km, which agrees well with other results [I]. 

Our preliminary findings for Elysium are essentially identical. We will present 

results for lithospheric thickness around Olympus Mons and Elysium Mom. 
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