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Introduction : Basin-forming impacts are one of the major
geologic processes that shaped the early landscape of the ter-
restrial planets [1], and as such, the Moon is an ideal place for
investigating the cratering process. The crustal structure asso-
ciated with these basins can then be used to address questions
related to the depth of excavated materials, and the diame-
ter of its transient cavity [2]. As planets are nearly spherical
bodies, their gravitational field and topography are commonly
expressed in spherical harmonic functions. Nevertheless, the
Moon suffers from a peculiar problem; while the topography of
this body is near globally known, the synchronous rotation of
the Moon has precluded the radio tracking of spacecraft over
large portions of the farside hemisphere. While the farside
gravity field has been contrained by indirect means (e.g., [3]),
the spatial resolution of the nearside is considerably higher.

Method: A new method is presented for estimating crustal
thickness from gravity and topography data on the Moon. We
employed the method of [4] for analytically calculating the
exterior gravitational field of an arbitrarily shaped polyhedron
by use of Gauss˙ divergence theorem. For these computations,
we only need to know the location of each vertex of the polyhe-
dron in latitude and longitude, and the vertical positions of the
vertices are constrained either by the surface topography, or
are inverted at the crust mantle interface to match the observed
gravitational field. As benefits of this approach, the resolu-
tion of the crustal thickness model can be easily tailored to
reflect the resolution of the gravity field or individual features,
and when inverting for the crust-mantle relief, we can weight
the misfit function by the uncertainties assocatiated with the
observed gravity field.

In particular, for our investigation of crustal thickness vari-
ations, we will first calculate the gravity field resulting from
the shape of the Moon assuming that it has the density of
ρcrust, and then account for the gravitational attraction of the
mare basalts using a density (ρmare−ρcrust). The polyhedral
shape model of the surface consists of 20480 triangular faces
(10242 vertices) and each vertex was then assigned an abso-
lute radius based on the 359-degree spherical harmonic model
USGS359 [5]. The angular distance of each edge in this model
is about 2 degrees, which corresponds to about 60 km on the
lunar surface and a spherical harmonic resolution of about de-
gree 100. After accounting for a small spherical core with a
density of (ρcore − ρmantle), we minimize the misfit between
the observed (LP150Q; [3]) and calculated gravitational fields,
weighted by the uncertainty in the gravity fieldgerror, as

f(R1, R2, · · · , RN ) ≡

N
∑
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(

∆gi

gerror

)2

(1)

This function implicitly depends upon the height of each vertex
that approximates the crust-mantle interface,R1, R2, ..., RN .
The polyhedral shape model of the crust-mantle interface con-
sists of 2880 triangular faces (1442 vertices). The average

distance between vertices is about 180 km, corresponding to a
spherical harmonic resolution of about 37. The misfit between
the observed and calculated gravitational fields,∆gi, is calcu-
lated on a set of grid points(θi, φi), which correspond to the
same coordinates used for the shape model of the mantle, and
at an altitude of 30 km above the lunar surface (Robs = 1767
km) which corresponds to the average altitude of the Lunar
Prospector spacecraft during the extended mission (Konopliv
et al. 2001).

Results: The parameters necessary for inverting the crust-
mantle interface shape are summarized in Table 1. After de-
terming the crust and mare basalt densities from several min-
eralogicall lines of evidence ([6], [7], [8]), we chose the core
radius, core density, and mantle density such that they fit both
the lunar mass and moment of inertia [9]; by utilizing a sim-
ple three layer model with constant density crust, mantle, and
core, and by treating the crust and core density as known, the
mass and moment of inertia constraints define a non-unique
relationship for the acceptable values of the average crustal
thickness, mantle density, and core radius. By choosing one
value, the other two are uniquely determined. In this study,
we chose the average crustal thickness such that the minimum
value of our inversions (excluding mare fill) was less than 1
km, which gives rise to an crustal thickness of about 40 km at
the Apollo 12/14 landing site. While the original analyses of
the seismic data suggested a crustal thickness of about 60 km
in this region [10], recent reanalysis point to thinner values of
45 ± 5 km [11]; 38± 3 km [12], and 30± 2.5 [13]. Given
the large spread of these estimates, we have not attempted to
fit any specific seismic model. Our final model for the crustal

Table 1:Properties of our crustal thickness model

Parameter Value Unit
GM 4902.80295×109 m3 s−2

Mean planetary radius 1737.1 km
Observational radius 1767 km
Density of crust 2800 kg m−3

Density of mare 3100 kg m−3

Density of mantle 3360 kg m−3

Core radius 370 km
Density of core 6600 kg m−3

Average crustal thickness 43 km
Minimum crustal thickness < 1 km
Maximum crustal thickness 85 km
Crustal thickness at A12/14 40 km

thickness is shown in Figure 1A. Also shown are the locations
of the vertices used in our crust-mantle shape model. In Figure
1B, we plot the difference between the observed and modeled
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radial gravity for our final model.
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Figure 1: Crustal thickness based on a polyhedral shape
model inversion. (A) Crustal thickness excluding mare fill.
The location of each vertex of the polyhedral model of the
crust-mantle interface is also shown as solid dots (B) The dif-
ference between the observed and modeled radial gravity.

Discussion: Our crustal thickness model shares the same
general attributes that have been noted by previous investiga-
tors ([8], [14], [15], [16]). In particular, the crust is seen to be
substantially thinned beneath many of the large impact basins,
and some of these are surrounded by rings of thickenned crust.
However, our crustal model is much smoother over the farside
than previous models based on filtered spherical harmonic in-
versions. Additionally, relative variations in crustal thickness
are somewhat larger for our model over the nearside, partic-
ularly beneath the giant impact basin. This is simply a result
of the large scale variations in crust-mantle relief having been
damped somewhat by the filtering procedure used in previous
models.

Using our crustal thickness inversion, we have reinvesti-
gated the crustal structure of the large nearside impact basins.
Following the approach of [2], we have reconstructed the ge-
ometry of their excavation cavities, and have determined that
most of the young basins posses a depth-diameter ratio of

0.083± 0.002. While somewhat smaller than that obtained in
the aforementioned paper, this is generally compatible with the
ratio of about 0.1 obtained from impact craters orders of mag-
nitude smaller in size, as well as from numerical simulations
([17], [18]). While the Imbrium and Serenitatis basins appear
to posses anomalous crustal signatures (i.e., relatively shallow
depths of excavation for their large sizes), it is likely that these
two were affected by post-impact modification proccesses (i.e.,
viscous relaxation and/or magmatic infilling) as a result of their
formation within the Procellarum KREEP Terrane (e.g., [19]),
a province that is highly enriched in incompatible and heat
producing elements.

We have estimated the net vertical load that is acting on the
lithosphere that is implied by our crustal model. Many basins
are supporting vertical loads on the order of 30 MPa, even after
the contribution to the mare basalt are removed. In general,
those basins that lie closest to the Procellarum KREEP Terrane
are those that are closest to approaching a pre-mare isostatic
state. The excess loads that these basins are supporting, after
removing the contribution to the mare, is plausibly interpreted
as superisostatic uplift of the mantle that was frozen into the
lithosphere during rebound of the crater floor ([2], [15]).

Applicability to other planets : Our methodology of in-
verting for the crustal thickness of a planet is applicable to any
body that possesses large variations in the quality of the ob-
served gravitiational field. In particular, we note that both the
gravitational field and topography of Mercury will be measured
by the upcoming missions Messenger [20] and BepiColumbo
[21]. However, for the first mission, Messenger, these will
only be well characterized over the northern hemisphere of
this planet.
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