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SHOULD LITHOSPHERIC FLEXURE DUE TO THE LOAD OF THE MARTIAN POLAR 
LAYERED DEPOSITS BE DETECTABLE WITH THE MARS OBSERVER LASER ALTIMETER? M.T. 
Zuber, Geodynamics Branch, NASAIGoddard Space Flight Center, Greenbelt, MD 20771 and Department 
of Earth and Planetary Sciences, The Johns Hopkins University, Baltimore, MD 21218. 

The effective elastic thickness (h) of the lithosphere is an important indicator of the thermal 
and mechanical state of a shallow planetary interior. The value of h in the vicinity of individual tectonic 
features that constitute loads on the lithosphere can be determined from the flexural response of the 
lithosphere to the load. This approach has been used to constrain the spatial distribution of h on Mars 
by calculating radial stresses associated with lithospheric flexure associated with surface loads, and 
comparing the results to the positions of circumferential graben surrounding the major Martian shield 
volcanoes and mascon basins [1,2]. However, many prominent surface loads on Mars, such as the 
Olympus Mons volcano and the polar layered deposits, do not exhibit flexural graben. In these instances 
application of the above method can provide only a lower limit of effective elastic thickness [3]. An 
alternative method of determining h is to calculate the vertical displacements associated with the flexural 
loading and to compare the amplitude and shape of the flexural profile to observed topography. This 
method has not been applied to flexural problems on Mars because of the poor resolution of Martian 
topographic data. 

The Mars Observer Laser Altimeter (MOLA), with its 330-m along-track spatial resolution, 1.5- 
m vertical resolution, and 30-m global vertical accuracy [4], is expected to provide topographic coverage 
of Mars at a level which should permit the detection of flexural displacements associated with many 
major topographic loads. Specifically, deflections associated with major volcanic shields and mascon 
basins assuming lithospheric thicknesses constrained by the positions of circumferential graben are 
expected to be on the order of 1 km [I], and would therefore be easily detectable by MOLA. Improved 
topographic data may therefore permit independent estimates of effective elastic thickness in the vicinity 
of these features as well as new estimates in areas with loads that lack associated concentric graben. 
The purpose of the present analysis is to examine, for a range of possible lithospheric and polar layer 
deposit thicknesses, whether the polar layered terrains constitute a load of sufficient mass to flex the 
Martian lithosphere at a level that could be detectable with MOLA data. 

We consider a simple model which treats the polar layered deposits as a uniform cylindrical load 
q(=p#hJ with radius r,, thickness h, and density p,, and the Martian lithosphere as a thin, spherical 
elastic shell of thickness h that overlies a fluid mantle of density p,. For the assumed geometry the 
flexural equation has the form (51 

where V'=p(p) and v2 is the Laplacian operator, w is the vertical displacement, I{=Dl[(Eh?l@)+pg]} is 
the flexural length, q=Eh3/12(1-v )I is the flexural rigidity of the lithosphere, E is Young's modulus, v 
is Poisson's ratio, R is the radius of Mars, p=p,-p,, and g is the acceleration due to gravity. The 
solution of (1) for a uniform cylindrical load in which r,ccR is [6] 

for %c!=rdl and 

for e d .  The zero-order Bessel-Kelvin functions ber, bei, ker, and kei and their derivatives were 
evaluated numerically following [I]. Values for the input parameters are given in Table 1. The radius 
and density of the load were taken from m, with the value of the latter (pp=lOOO kg md3) indicating a 
nearly pure ice composition. If the dust component of the layered deposits is greater than estimated by 
[q, then our analysis underestimates the flexural displacements associated with the load. As in previous 
Martian lithospheric loading studies [I-31, the assumption of elasticity inherently implies instantaneous 
application of the load. This assumption is generally valid if the timescale for loading is short compared 
to that for stress relaxation, which is likely to be true for this case. 

Figure 1 shows flexural profiles plotted as vertical displacement (w) as a function of x=r/l for an 
assumed layer deposit thickness of 2 km and a range of lithospheric thicknesses (h). For a broad range 
of h, maximum vertical deflections at the edge of the deposits of hundreds of meters are indicated. 
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Such deflections would be easily resolvable in the MOLA data. Because of the considerable uncertainty 
in the thickness of the deposits [cf. 7-91 we have also calculated flexural displacements for a range of 
h,: Displacements at the edge of the deposits (w,) are plotted in Figure 2 as a function of lithospheric 
th~ckness for O.lSh,S3 km. For the full range of h examined vertical displacements would be resolvable 
by MOLA for all 420.4 km, conservatively assuming that the baselines of the flexural deflections are 
long enough to be affected by anticipated orbit errors in the MOLA ranging measurements, as well as 
by system errors [4]. 

This analysis does not take into account the possible infilling of the flexural trough by wind- 
blown dust deposits, which could obscure any flexural signal. To resolve lithospheric thickness in areas 
where significant sediment infilling has occurred would require combined analysis of gravity and 
topography data in order to estimate the radial thickness distribution of the fill [e-g. 10,1 I ] .  However the 
anticipated horizontal resolution of gravity data from the Mars Observer Mission will be only marginally 
adequate to resolve the subsurface density structures beneath flexural troughs associated with major 
loads [12]. This could limit the utilrty of using flexural deflections for determining elastic lithosphere 
thickness to areas containing surface loads without significant surrounding sediment infill. 

References: [IIComer, R.P., et al., Rev. Geophys., 23, 61-92, 1985. [2]Hall, J.L., et al., J. Geophys. 
Res., 91, 11 377-1 1392, 1986. [3]Thurber, C.H., and M.N. Toksoz, Geophys. Res. Lett., 5, 977-980, 
1978. [4]Zuber, M.T., et al., J. Geophys. Res., in press, 1992. [5]Brotchie, J.F., and R. Silvester, J. 
Geophys. Res., 74, 5240-5251, 1969. [GIBrotchie, J.F., Modern Geol., 3, 15-23, 1971. mMalin, M.C., 
Geophys. Res. Lett., 13, 444-447, 1986. [8]Dzurisin, D., and K.R. Blasius, J. Geophys. Res., 80, 3286- 
3306, 1975. [9]Blasius, K.A., et al., Icarus, 50, 140-160, 1982. [IOIWatts, A.B., and J.R. Cochran, 
Geophys. J. R. astr. Soc., 38, 119-141, 1974. [ I  IILarnbeck, K., and S.M. Nakiboglu, J. Geophys. Res., 
85, 6403-6418, 1980. [12]Tyler, G.L., et al., submitted to J. Geophys. Res., 1992. 

Table 1. Model Parameters 

p, 1000 kg 
p, 3300 kg m'3 
r 540 km 
Fi 3393 km 
E lxlO1' Pa 
v 0.25 
g 3.71 m s.' 

Figure 1. Flexural profiles of the Martian 
lithosphere due to the load of the northern polar 
layer deposits for a range of elastic lithosphere 
thicknesses (h) and an assumed polar layer 
deposit thickness hp=2 km. 

50 Figure 2. Flexural displacements at the edge of 
the polar layered deposits (w,) as a function of 
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