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We present a method to compute the exact gravity field inside and outside a planet with an arbitrary density structure. The computations are done non-linearly and are therefore applicable for large
asphericities, such as those on Mars, the Earth or the Moon. This method allows us to take into account all kinds of inhomogeneities (i.e lateral density variations, variations of the depth of each
interface) and allows the modeling of gravity fields with lateral variations as large as about degree 200.

The lithospheric deflection associated with surface loads can be obtained from the value of the potential on each density interface and can provide an estimation of the elastic thickness of the
lithosphere. These estimates can be used to place constrains on the heat flow of the planet and hence, on its thermal evolution.

The mass-sheet approximation is not valid for high topography :

Input: Output: On Mars, in regions of high topography such as the Tharsis rise and its associated montes,
- Surface topography ) - g(1,6,¢) and U (1,0,9) at all the finite amplitude of topography has to be taken into account in order to obtain a good

- Relief along any number of density + points inside and on the surface of estimation of the gravity.

interfaces the planet.

- Lateral variations of density Gravity signal associated with the topography computed with the propagation

method and with the mass-sheet approximation.
2 steps in the computation :

- calculation of U and g at an altitude RO above the mean planetary 1. At spacecraft altitude (100 km)

radius (analogous to Wieczorek and Phillips 1998) Relative differences between the 2 o )

- downward propagation of U and g to each density interface anvity signal IWg Relative differences in energy
—» Uand g are exactly determined on the surface as well as on any density interface 14

within the planet.
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Principles of the method :

Spectral/space domain : computations are performed both in the space and spectral domain
Legendre Transform *

spectral domain 4> space domain
Legendre Transform

- All lateral variation effects are computed in the space domain (collocation grid). 2. Propagated to the surface
- All angular derivatives are done in the spectral domain Gravity field d with i Gravity field c with mass-sheat
* Angular derivatives become scalar multiplications method mGal approximation mGal

* No need to use Clebsh-Gordon coefficients
* Reduction of the amount of computing by 12
* Can be applied for variations of high angular degree (1 = 200)

Pseudo-spherical iables : -
seudo-spherical variables H0.0) = (0.) + (60.9) r‘(e’(p)x(s—x,)
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rl S1 82 n The mass-sheet approximation tends to underestimate the gravity field for region of high
r . topography.
=>The fields are resolved on r(6, ¢) S \ The errors are greater at the surface (with a mean difference of 35%).
- Irregular surfaces are mapped to spherical surfaces using a parameter s.
- Gravity and potential integrations are performed between boundaries independent of 6 . . - . _
and @. Application :Determination of elastic thickness
- The interface effects can be considered as perturbations of the gravity equation in the From the potential value on each density interface, the deflection w associated
mapped coordinates. with a surface load can be determined from.
DV°w +4DV*w + ET,R*V?*w + 2ET,R*w = R*(V* +1-v)q
. With q
First step : Downward propagation : g=-pUR+w)-(p, - p)UR-T, +w) ¢
U and g are determined at RO by the following ] ] ) ) (when p;=p. and Tg <T)
equations ® Separation of the spherical and perturbation = in order to calculate q we need to ’, h
U(R,.0,¢) = EB Y, (0,9)dV' components know the potential on each density T
0 oo m T m R U(s,0,¢) = U°(s) + AU (5,6,0) interface which depends on the Pe P LW
r+1 0 1 flexure.
with B = ( 1 > 1 A, 8(5,0.9) = g (5) + Ag (5,6,9) = the above two equations need to Pm
" ‘\ R) 20+1 le be solved iteratively
g Ag!, AU' << g%00 = convergence after = 6 iterations
- Reduction of numerical errors. |
LT -Allows the development of the field utilizing -First application : Determination of the elastic thickness below Elisium
spherical basis functions. Maximum difference between successive Mean difference between g, and g, for
Aém = pr(r' s 0' s (p' )Yém(g s (p' )r'e av' . o 200 iterations . Elysium in the spatial domain
v *U, g and -thc1r.dcrlvat1vcs are _computcd on A  Turcotte's method
each interface (in s, 0, ¢ coordinates) by 0 lerati
. . o . _40 =— Iteration method
And, solving the set of first-order differential 200 g
equations with either the Euler or Runge -Kutta o] £ —> TF=50 km
=-VU method : 27400 B ‘
8= g=VU ~600. 'z
=830
V.g =-4mpG -800
1000 r} 6. 8 10 6 20 30 A0 S0 60 70 80
. . . . . . . Tteration lastic thickness (km)
This computational method is a part of a global project studying the lithospheric structure and . . .
composition of martian volcanoes. * Consistent w'nh the 50 km < T, < 80 km of McGovern et al 2002 (performed in
Current crustal thickness models of Mars are computed under the assumption that the crust is spectral domain). ) . .
homogenous in composition and hence density. This assumption is likely incorrect for the martian Inconsistent with Tg=25 km of McKenzie et al. 2002 (in spectral domain).
volkrTees amdl Thersis fee., * Differences between observed and calculated gravity are most likely due to subsurface
A goal of this project is to use the new set of very precise data (often better than for the Earth) in loads.

order to construct a model of the crust with a variable thickness and lateral density variations.
-Next step :

* Include subsurface loads as well as surface loads with densities different from the

crust.
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