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Introduction:  The lunar crustal thickness
determination is classically addressed with one of
these two datasets: 1/ Seismology from the Apollo
network, and 2/ Gravity-Topography from the Lunar
Prospector and Clementine missions.

Arrival times of the recorded seismic events at the
four Apollo stations (1969-1977), allow to constrain
the mean value of the crustal thickness as seen by the
chosen data [1,2,3]. Because of the low confidence of
the arrival time readings in general, the artificial
impacts represent a relatively large proportion of the
data actually constraining the crustal structure in such
studies, because their source parameters are known.
These artificial impacts mostly constrain the Apollo
12 and 14 region. That is the main reason why the
previous estimates of the crustal thickness with the
Apollo seismic data are mostly considered as
representing a mean value for the Apollo 12 and 14
sites or more generally for the Oceanus Procellarum
region. The more important thing to remember at this
point is the fact that these studies only give one and
only value for the depth of the Lunar Moho, which
represents a mean value for the sampled area.

On the other hand, the use of topography and
gravity data, given by Clementine and Lunar
Prospector, allows to address the lateral variations of
the crustal thickness because the coverage of these
data is Moon-wide. But these two sets of data only
constrain the relative variations and not the absolute
ones because the inversion of the Bouguer anomaly is
non-unique and requires the constraint of an
anchoring point, which can only come from a seismic
value. Hence, the relative values need to be calibrated
following this local thickness, for the map to have a
unique solution. See for instance [4] for a complete
explanation of the process.

 In terms of crustal seismology, the main result
from the Apollo Era was the claim of a 60 km thick
crust beneath the Apollo 12 and 14 region [1]. This
reference thickness has been widely used until now,
but was recently [5,6] reconsidered much thinner,
respectively 38±3 km and 30±2.5 km [2,3]. For the
three studies, the artificial impacts around station 12
and 14 provide the majority of data. As a result, these
estimates can be considered as three different
regional averages in this area.

Principle: The study we present here shows that
it is possible to get information about the crustal
thickness of many other locations beneath the lunar

surface, with the only use of Seismology. In this aim
we use the characteristics of the Apollo Seismic
Dataset, which is notably composed of artificial and
meteoroid impacts. As these events occur at surface
by definition, their seismic rays travel at least twice
in the crust in order to reach the seismographs at the
surface. The crust is therefore sampled twice: once in
the way down, once in the way up. The seismic
signal generated by an impact thus contains
information about the crustal structure beneath both
the receiver and the impact site. Here we consider 8
artificial and 19 meteoroid impact sites, and the 4
station sites. 31 different crustal thicknesses will thus
be investigated.

As seen in [2,3,7], the arrival time estimation is
not a trivial job, considering the characteristic weak
arrival pulses of seismic waves, which are mostly a
result of the strong scattering processes in the upper
crust. This means that there is a strong limitation of
the number of parameters which can be investigated
with the inversion of these arrival times. As a
consequence, in the present study we are not able to
investigate both the velocity structure and the lateral
variations of crustal thickness. The strategy proposed
here is thus to use a mean velocity model proposed
for the crust and upper mantle, and to enquire
independent Crust-Mantle boundary at each site, with
the same velocity model everywhere, using a Monte-
Carlo inversion scheme analogous to the one used by
[2] to investigate the velocity structure of the lunar
interior. The depth of the Moho is thus the only
parameter explored in this inversion.

Monte-Carlo Inversion: We consider one
velocity model (from [3]) for all the different
locations, but for each of them, the crustal thickness
will be explored. We associate to each site the
corresponding topographic elevation from the
Clementine mission [8], which was never taken into
account in former seismological studies. The Markov
chain algorithm [2] we used is based on an extensive
exploration of the model space, according to the
posterior distribution. The Moho depth beneath each
site is randomly perturbed, and the latter perturbation
is accepted with a probability which depends on the
data fit (Metropolis rule). This process is repeated
again, and so on, until a stable convergence has been
reached (typically 500,000 iterations). The results of
the exploration have to be interpreted in terms of
probability distributions, and depict the Moho relief
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under 31 sites, as it is seen by the seismic rays of
impacts.

Lateral Variations of Crustal Thickness: The
probability distributions of Moho depths are used in
terms of  median values, and can be represented
graphically on a map as 31 points, associated to their
uncertainties expressed as absolute deviation from
the related median. These crustal thickness
estimations are directly comparable to the map
obtained by inversion of the gravity and topography
data, using an anchoring point at 30 km deep below
Apollo 12 and 14, which is the crustal thickness of
the velocity  model we use [3] (cf. Figure 1).

Figure 1: Comparison of two crustal thickness
maps. The top one is built with seismic data from
impact only, the bottom one uses the gravity and
topography data, anchored with a 30 km thick below
Apollo 12 and 14 sites.

On the top map of Figure 1, the 31 sites for which
we investigated the crustal thickness are represented
using the same color scale than on the gravity built
bottom map, on which the same points are displayed
with black dots. The mean crustal thickness for these
sites is 34±5 km. For almost all the sites, the two
methods show coherent thickness. For the first time it
is possible to assess the thickness of the crust
simultaneously for many different locations of the
lunar surface, and not only in the Apollo 12 and 14
region. The agreement is good even for some impact
sites located more than 3,000 km away from the
nearest seismic station, and can show much thicker
crust than near the Apollo 12 and 14 sites. A few
points show strong discrepancy, which need to be
interpreted.

Conclusion: We have shown that it is possible to
assess the lateral variations of the lunar crustal
thickness, using the Apollo seismic data
independently from gravity. The gravity derived
maps  have much better coverage, but depend on the
seismic value chosen for the anchoring. Moreover,
the two methods need hypotheses of uniform crust
and mantle densities (gravity), and uniform crust and
mantle velocities (Seismology), but both are not
sensitive to the same parameters everywhere, as the
seismic rays only sample along their path, whereas
the gravity signal is an integration of all the mass
distribution beneath the spacecraft. The next step of
this study is thus to interpret the systematic
discrepancies between the two maps, in terms of
regional geologic features, which can explain the
discrepancies related to the different sensitivities.
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