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During the '70s, the Apollo missions set up a seismic network on the nearside of the Moon, allowing fundamental questions of
lunar science to be adressed. Recently this data set was reinvestigated in order to shed light on ambiguous results of ancient
studies. One of which was the proposed 60 km mean crustal thickness.

Our work first consisted of reprocessing the whole set of data, and then to perform a new independent analysis on arrival times.
This inversion resulted in a new view of the seismic velocity distribution with depth, especially characterized by a much thinner
crust : mantle velocities are reached at 30 km depth instead of 60 km in the older studies ( [1], [3], [4] ). Thisis coherent with our
study of Receiver Functions ([5], [9]) which highlighted precursor arrivalsrelated to S-to-P wave conversions at the crust-mantle
boundary.

On the other hand, crustal thickness inversions from gravity data have a global coverage and show important lateral variations.
The problem isthat gravity inversion are non-unique and need to be anchored on at least one point. By exploring crustal models
for the impact sites and the seismic stati ons, we intend to constrain the thickness of different locations on the lunar surface. These
constraints can then be used to improve crustal inversions based on gravity data.

We present here the different aspects and results of thisjoint study of seismology and gravity data.

Focsar Py Inversion of crustal thickness beneath impact and station sites

We use the mantle velocity model of Lognonné et al. [9] as our mean
model, and consider one layer above for the crust. The velocity and
thickness of this crust is determined at each artificial, meteeritic and
seismic station sites ( 4 stations + 8 artif. + 19 meteorites = 31
locations). We use a Markov chain Monte Carlo inversion scheme for
the available arrival times of these events. The total theoretical rays
should be 216 [4 Stations * 27 sources *2 (P,S waves)], but only 105
data are reliable enough to be used.

A random walk is designed to converge to independent crust-mantle
boundaries for the 31 different sites, which are coherent to our data
set considering uncertai nty. We show here results for synthetic data
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Parameters used for these modelsare : Results of an inversion of synthetic arrival times. We see here the a

a p=2760 g/cm3 ; p,,= 3350 g/em3 posteriori distribution of the crust-mantle boundary radius under 31 sites. From

b- pP= 2850 g/cm3 ; Pm= 3300 g/cm3 top to bottom : 4 station, 8 artificia i mpact, 19 meteoriteimpact sites. The blue
= = = line corresponds to an inversion of 216 synthetic data, while the green one

— 2_900 g/lem3; py,= 3300 g/em3 = stands for a more redistic 105 synthetic data inversion (105 rea data

Respectively for crust and mantle densities, available). The redvalues are the ones used to build the synthetic data.

with S12 thickness of 30, 45 and 60 km. The resolution is good with the whole set of data (blue) and less with 105

arrival s(green). The (red) information is not retrieved at al in that case for 7 of
the 8 artificial impact si tes.
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Next ...

The inversions of synthetic seismic data sets in this study show that crustal thickness variations can be
resolved, at least for the four Apollo stations. The amount and distributions of good arrival times might allow

the determination of crustal thickness variations below other impact sitesaswell. R&érences:
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sites, we will be able to constrain the gravity/topography inversions.




