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Short period seismicity has been observed and studied at 
the sites of Apollo 14, 15, and 16 (1). Similar seismic events 
are detected in the intermittent listening modes on the Lunar 
Seismic Profiling Experiment (LSPE) on Apollo 17. Any estimate 
of the source magnitude of these seismic events depends on the 
seismic efficiency -- how much of the source energy is trans- 
mitted as seismic energy? The empirical equation A = k-/~ 
may be fit to explosion data, where A = peak-to-peak displace- 
ment amplitude (nm), k = coupling coefficient (proportional to 
square root of seismic efficiency), Eo = source energy (ergs), 
and R = source distance (km). Using Apollo 16 grenade, thumper, 
and LM impact data, Duennebier and S tton (1) determine k to lie 
in the range 5-20 x 10-7 nm km erg- lY2. Assuming that short 
period seismic events are generated by slumping on lunar slopes, 
this small coupling coefficient leads to relatively large source 
energies, and improbably rapid erosion rates on the moon. To 
avoid this paradox, Criswell and Lindsay (2) have suggested 
booming sand dunes as a highly efficient seismic source. Using 
LSPE data, we have computed k to be between 3 x 10-5 and 7 x 
10-5 nm km erg-1/2. This implies much smaller source energies 
and correspondingly smaller erosion rates. A slope change from 
26' to 25O along 1 km of the South Massif (1 km relief) would 
occur in 200 to 7000 MY, given the current level of seismicity 
in the Taurus-Littrow valley. Such slow erosion does not contra- 
dict the large exposure ages observed at the lunar surface. 

Initial attempts at locating these small events using the 
four-geophone array failed due to the emergent nature of the 
seismogram and the absence of distinct phases, caused by the 
intense scattering of the seismi'c waves (Figure 1). The dif- 
fusion equation may be used to describe the transmission of 
energy in a scattering medium (31 and implies that the rise time 
increases monotonically with source distance, if the effective 
material properties remain constant at greater distznces. Fig- 
ure 2 shows rise times of total power and of single frequency 
components (1 IL/2 Hz bandwidth) plotted against distance for the 
LSPE sources. At distances less than 1 km, higher frequencies 
h 2 5 m) show longer rise times, implying more intense scatter- 
ing. Rise time begins to decrease beyond 1 km, and may approach 
a constant. One possible explanation for this is attenuation 
of the energy as the ray path increases. The greater scattering 
of the higher frequencies is consistent with their observed 
earlier decrease of rise time. Alternately, the material 
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properties may change as rays penetrate deeper into the crust 
or as sources become more distant. Almost all moonquakes have 
5 Hz rise times between 10 and 50 seconds, implying source 
distances between 0.4 and 1.5 km. If these numbers are correct, 
the events would appear to be generated in the Central Cluster 
Craters, and not in the more distant massifs. Attempts are 
underway to determine azimuths to the sources. If slumping on 
the craterswere the source, most sources would be located to 
the south; a massif source would be expected to yield a pre- 
dominance of northerly sources, from the closer North Massif. . 

To recapitulate, the short-period moonquakes observed at 
the Apollo 17 site appear to be consistent with a local geo- 
morphic source mechanism, perhaps surface slumping. Such a 
source does not imply impossibly high erosion rates on crater 
and massif slopes. Although azimuths cannot yet be determined, 
most of the events seem to be within 2 km of the geophone array. 
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Figure 1. Typical moonquake seismogram. Spacing between traces 
is 0.08 V. Total record length is 84.7 see. Note long dura- 
tion, emergent character, and lack of distinct phases. 
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Figure 2. Rise time of LSPE sources plotted against source dis- 

tance, measured on total power (3-20 He), 5 Hz, 9 Hz, and 12 
Hz. Theoretical rise times assume 5 = 0.017-0.033 km2/sec, 
Q = 1700-3000. 

120 - 
. 

100- 

8 0  . 

6 0  . 

4 0 -  

20 - 

0 

0 Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 

n- 
o=' h w - 

)?:.- A --- .q<<*,+- / h* a a j __ , 
/ 
/ 

W V  W W rr 
LM IMPACT - POWER 

Y 
5 HZ 

1 I 
0 I 2 3 4 5 6 7 8 9 

'I 

DISTANCE, KilOMETERS 


