A proposal for determining the lunar crustal thickness by

one penetrator probe using impact seismic events
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ABSTRACT

The thickness of the lunar crust, so its volume, is a key parameter for
understanding the size of the lunar magma ocean and differentiation
process in it. Recently a relative crustal thickness map can be depicted
using the high precision topography and gravity data of Kaguya and
GRALIL. If an absolute value of the crustal thickness can be determined at
even one point, we can estimate of the total volume of the crust even more
accurately. An application of a seismic method to determine the thickness
is desired although the Apollo seismic experiments were performed in
1970’s. Inaccuracy in the determination of source locations with use of the
Apollo data prevents us from obtaining an accurate estimate of the
thickness. The values of the thickness at the Apollo 12/14 station are
estimated in a range of 30 to 60 km. The source location issue, however,
can be avoided if we use impact flashes on collisions of meteorites on the
lunar surface. Some of these flashes can be observed from the Earth. This
fact opens a new type of seismic experiment on the Moon using a
penetrator probe carrying a seismic sensor.

For the purpose, we evaluated performance required for the seismic
sensor using the inferred impact rate of meteorites. The performance of the
sensor is determined by a request that more than one event must be
simultaneously observed as a seismic signal and impact flash in an assumed
observation period of one year. Considering meteorite flux, seismic
excitation efficiency on a collision and attenuation with distance, we need a
sensitivity 3.5 times higher than that of the Apollo short period (SP)
sensors. The seismic sensor developed in the former Lunar-A project has
just the required sensitivity. So we conclude that a definite determination of
the crustal thickness is possible by one-year observation by the penetrator
system even if only one station can be deployed.
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