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A NEW ESTIMATE OF THE METEOROID IMPAn FLUX ON THE MOON, J. 
Oberst and Y. Nakamura, Department of Geological Sciences and Institute for Geophysics, The 
University of Texas, Austin, Texas 78713-7909. 

Introduction, We have made a new estimate of the flux of seismically detected meteoroids 
impacting the lunar surface. Since earlier studies of the seismic impact flux (1,2) our database 
has significantly expanded and our knowledge on seismic energy transmission in the Moon has 
greatly improved. This new information allows us to take a new approach for such an estimate. 
Although earlier methods of flux estimate (1,2) relied on assumptions on how observed impacts 
were distributed, on average, with distance fmm the seismic stations, we are now able to 
eliminate these assumptions by using explicitly determined locations and energies of a large 
number of detected impacts. This enables us to estimate the flux in a more straightforward way 
than was possible earlier. 

Im~act Location Estimates, From the Passive Seismic Experiment Long-Period Event 
Catalog (3), we selected 91 impacts that showed peak-to-peak amplitude readings of 10 rnm or 
more at two or more of the four seismic stations. Although earthquake hypocenters are usually 
located ffom the arrival times of seismic waves at different stations, only a limited number of 
lunar seismic sources provides accurate arrival-time readings for their locations because of strong 
scattering of signals. We located 18 impact sources by conventional arrival-time methods. For 
the rest of the impact sources we used seismic signal properties other than arrival times, such as 
amplitude decay with distance and the change in shape ofthe envelope of the seismic signal due 
to scattering. Once the impact locations are known, the impact energies can be determined using 
appropriate calibration dam, such as those fmm impacts of the Saturn IV boosters (S-IVB) and 
the Lunar Module (LM), whose impact sites and energies are known. 

Figure 1 shows the distribution of the impact locations of the selected events on the lunar 
surface. Events of smaller magnitude cluster near the seismic stations because they are detected 
only at short distances. More impacts are located on the western lunar hemisphere because 
events closer to the least sensitive (i.e., the westernmost Apollo 12) station are more likely to 
meet the criteria (large-amplitude readings at two or more seismic stations) under which the 91 
impacts were selected 

Results. Figure 2 shows the cumulative distribution of impact energies. The occurrence 
rates on the ordinate are normalized to represent the observed impact rate on the Moon per year. 
Only events exceeding a certain impact energy (E > 3x 1011 J) can be detected over the entire 

Fig.1: Distribution of 91 selected large meteoroid impacts on the lunar front (left) and far side 
(right). The sizes of the circles are proportional to the logarithm of the impact energy of the 

meteoroid The seismic stations are marked with crosses. 
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lunar surface, while smaller ones are incompletely sampled. We estimate the impact flux to be 
loglo N(E) = -0.99 loglo E + 11.38, where N is the number of impacts per year on the lunar 
surface having impact energies higher than E in the energy range 3x101 J < E < 1012 J. 

A comparison of our new result with the lunar cratering rate (4) using appropriate scaling 
laws relating crater size to impact energies (e.g., 5) shows a remarkably close agreement (Fig.2). 
However, the agreement may be deceiving because the flux determined from lunar crater statistics 
alone is rather uncertain. Various crater scaling laws exist with predicted crater sizes varying by 
as much as a factor of ten for given impact energy. 

A comparison with the flux from terrestrially observed "airwave objects" (large 
meteoroids) (6,7) indicates that our lunar result is about a factor of four lower than the latter 
(Fig.2). The reduced focusing of meteoroid trajectories and reduced attraction in the Moon's 
gravity field have been taken into account. These corrections depend on the average velocities of 
the meteoroids, for which we adopted v=20km/s (encounter speed at the top of Earth's 
atmosphere). 

Discussion. The new result significantly reduces previously reported discrepancies 
between lunar and terrestrial meteoroid flux estimates (1,2). That the seismic efficiency (i.e., the 
fraction of the pre-impact kinetic energy transformed into seismic energy) of the rocket boosters, 
which we used as calibration, could be significantly lower than that of meteomids has been cited 
as a possible cause of the apparently low lunar flux estimates. However, this study shows that 
the difference in seismic efficiency need not be greater than a factor of four, provided that the 
terrestrially measured flux of meteoroids is correct. 

Recent Monte Carlo studies of the seismic impact detection rate (8) suggest that the majority 
of observed impacts occur at closer ranges to the seismic stations than was assumed earlier. 
Although an explanation for this observation is yet to be found, it is most plausible that this 
effect, if not taken into account, also contributes to erroneous lunar impact flux estimates. 

Fig. 2: Cumulative distribution of impact 
energies (in Joule) of the selected 91 events. 
Comparison with lunar crater statistics (4.5) 
and with Shoemaker's estimate of the energy 
distribution of large meteoroids (6) are 
shown. The mean impact energies of the S- 
IVBs and the LMs (which are used as 
calibration) are marked by arrows. 
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