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Introduction:  There are numerous challenges 

associated with producing a reliable crustal thickness 
map of Venus from gravity data. Perhaps most 
significantly, we lack seismic data with which to 
constrain the mean crustal thickness. Also, large 
apparent depths of compensation, e.g., [1], suggest that 
crustal thickening cannot be solely responsible for 
creating the observed geoid, and that mantle density 
anomalies and/or dynamic support must be significant. 
As a result, a simple downward continuation of 
potential anomalies to any reasonable Moho depth, as 
was used by [2] for a crustal thickness map of Mars, 
will fail to compensate surface topography. 

We address support of topography on Venus and 
reproduce the observed geoid by simultaneously 
solving for relief on the crust-mantle interface and 
mass anomalies in the mantle. While we do not have a 
good a priori estimate for the mean crustal thickness, 
we can use this analysis to provide upper and lower 
bounds: the basalt-eclogite phase transition limits the 
maximum thickness of the crust, and the impossibility 
of negative crustal thickness provides a lower bound. 
For a reasonable choice of geologic parameters, we can 
give a plausible upper bound of 24 km for the mean 
crustal thickness and a lower bound of 11 km. 

Data:  The Magellan mission to Venus provides 
the best available gravity and topography data. Real 
spherical harmonic coefficients 

€ 

hαlm  have been 
produced for topography up to degree 360 [3], and 
gravitational potential coefficients have been estimated 
up to degree 180 [4]. The power spectrum for gravity 
noise surpasses the power of the estimated coefficients 
above degree 70 (spatial block size ~ 270 km), so we 
applied a low-pass cosine filter between degrees 60 
and 75. Our knowledge of surface composition comes 
from the Soviet Venera landers, e.g. [5], which found 
the upper crust to be basaltic in composition. 

Methodology:  We solve for Moho relief W(θ,φ) 
and a mantle mass anomaly Ψ(θ,φ) with units of 
kg/m2. Our first set of equations for the associated 
spherical harmonic coefficients 

€ 

wαlm  and 

€ 

ψαlm  relates 
bending and membrane stresses to hydrostatic loading. 
The flexure equation for an elastic shell can be 
expressed in terms of spherical harmonic coefficients 
(from [6]; see for terminology): 

€ 

D∇6 + 4D∇4 + ETeR
2∇2 + 2ETeR

2( )wαlm
= R4g ∇2 +1−ν( ) ρchαlm − Δρwαlm −ψαlm( )

    (1) 

Displacement from the relaxed state is taken to be 
the Moho relief. In order to represent solutions to 
equation 1, we will introduce non-dimensional 
parameters: 

 

€ 

β =
ETe
R2gρc     

€ 

γ =
D

R4gρc  
Further, we define two parameters to make our 

notation more concise: 

 

€ 

k1 = γ −l 3 l +1( )3 + 4l 2 (l +1)2( ) + β −l(l +1) + 2( )
       

 

€ 

k2 = −l l +1( ) +1−ν  
Using the notation above, we can write solutions to 

equation 1: 

 

€ 

k1wαlm = k2 −hαlm −
Δρ
ρc

wαlm −
ψαlm
ρc

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥                  (2)

 
Note that in the limit of Te→0, this equation 

reduces to Airy isostasy. 
The second condition we impose is that the 

observed gravitational potential anomaly should match 
the gravitational potentials produced by topography, by 
relief of the crust-mantle interface, and by the mantle 
density anomalies. The equation for upward-
continuation of gravitational potential from relief on a 
finite-amplitude interface is given by [7] in terms of 
spherical harmonic coefficients: 

 

€ 

Uαlm = 4πGΔρ
R − d( ) l+2

2l +1( )Rl+1 cαlm+ finiteUαlm       (3)
 

where 

€ 

cαlm  represents the coefficients for interface 
relief at a depth d below the surface.  In the case of the 
mantle source Ψ(θ,φ), a mass anomaly such as 

€ 

ψαlm  
can replace the product 

€ 

Δρ cαlm . The second term in 
this equation uses powers of the interface relief, which 
must be calculated on a spatial mesh and reconverted 
to spherical harmonic coefficients through numerical 
integration. The sum of the potentials produced by 
every applicable interface should match the observed 
gravitational potential: 

 

€ 

Uαlm
observed −Uαlm

topo =Uαlm
moho +Uαlm

mantle
                     (4)  

Using equations (2) and (4), we can solve exactly 
for the unknowns 

€ 

wαlm  and 

€ 

ψαlm . Since the finite-
amplitude term in equation (3) incorporates powers of 
topography, the process is iterative.  We first solve for 

€ 

wαlm  and 

€ 

ψαlm  without a finite amplitude correction, 

then we calculate 

€ 

finiteU
αlm
moho and solve the equations 

again. This process is repeated until convergence has 
been reached. 
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Results:  In order to solve for W(θ,φ) and Ψ(θ,φ) 
depths for the two sources must be chosen. A depth of 
200 km for the mantle source would be roughly 
consistent with the density anomalies produced by a 
thermal lithosphere.  Using this depth for the mantle 
source we can apply an upper bound on Moho depth 
by considering the basalt-eclogite phase transition. 
From experimental studies, e.g. [8] and [9], 80 km can 
be considered the maximum possible crustal thickness 
for a planetary geotherm between 5°C/km and 
10°C/km. A geotherm outside this range will result in a 
maximum thickness less than 80 km.   

A maximum thickness of 80 km is reached when 
setting the mean Moho depth to 24 km.  Considering 
the case where the minimum crustal thickness is 0 km, 
we can also derive a lower bound of 11 km for the 
mean depth of the Moho. Other chosen parameter 
values are Te = 20 km, E = 6.0×1010 Pa, ρc = 2900 
kg/m3, and Δρ = 500 kg/m3. 

Figure 1 gives a global map of crustal thickness 
assuming the upper bound on Moho depth, and figure 
2 gives the associated distribution of mantle density 
anomalies. 

 
Fig. 1 – Crustal thicknesses map with a scale in 

kilometers.  Contour intervals are 5 km, and the mean crustal 
thickness was chosen to be 24 km. 

 
Fig. 2 – Mantle mass anomaly  Ψ (θ ,φ)  at a depth of 

200 km.  Scale has units of kg/m2. 
 
The maximum crustal thickness of 80 km is found 

under Maxwell Montes, and the minimum crustal 
thickness is about 12 km. As expected, the amplitude 
of the mantle source overshadows Moho relief for long 
wavelengths, i.e. degree < 25, but at shorter 

wavelengths crustal thickening is the dominant source 
of topographic compensation (see figure 3). 

Some topographic features show no increase in 
crustal thickness, such as Atla Regio and Beta Regio, 
confirming earlier results that they are largely 
supported in the mantle [10]. In contrast, clear 
thickening of the crust is observed under Ishtar Terra, 
Ovda Regio, Tellus Regio, and Alpha Regio among 
others. 

 
Fig. 3 – Unfiltered power spectra for the mantle source 

€ 

ψαlm  (red line) and the crustal 

€ 

Δρ wαlm  (blue line). 
 
Conclusions:  Support of surface topography has 

been globally separated into a shallow crustal 
component and a deeper mantle component. Using a 
reasonable choice of parameters, we can identify 
individual geographic features as having a mantle 
component or a crustal component or as having a 
combination of the two. We have also produced 
plausible bounds on crustal thickness. Here we have 
assumed that support of topography comes only from 
crustal thickness variations and mantle mass 
anomalies. Given high geoid/topography ratios 
observed on Venus [10] there is the expectation of 
dynamic uplift, which we have not yet explicitly 
considered. Future work will explore the effects of 
dynamic support on the Venusian crustal thickness 
model. 
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