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Deep moonquakes exhibit several remarkable features (1): First, they 
are concentrated mainly at depths between 800 and 1000 km, roughly half way 
to the center of the moon. Second, they occur repeatedly in a number of 
distinct source regions, producing seismic signals of matching waveforms. 
Third, they are closely synchronized with periodic tidal forces acting on the 
moon. In an effort to understand the mechanisms of deep moonquakes, Cheng 
and ToksEz (2) compared the computed tidal stresses in the moon with the 
occurrence of moonquakes, concluding that the presence of ambient tectonic 
stresses causes deep moonquakes. In contrast, Nakamura's analysis (3) on the 
variation of amplitude ratios of P and S waves generated by deep moonquakes 
suggests that deep moonquakes are merely a release of accumulated tidal 
strain energy within a tectonically inactive lunar interior. 

Further details of the focal mechanism are needed to resolve this 
discrepancy. Fortunately, flat-mode seismic data taken during the last two 
years of ALSEP station operation clearly showed impulsive shear-wave arrivals 
from many deep moonquakes, from which S-wave polarization angles could be 
determined. We have, therefore, attempted to derive focal mechanism 
solutions for category A1 deep moonquakes using these data. 

Figure 1 shows an example of S-wave horizontal particle motion at ALSEP 
station 16. The solid line in the right-hand side of the figure indicates 
the S-wave portion of the particle motion starting at the arrow on the 
seismogram on the left. The two horizontal components are in phase for a 
nearly complete cycle after the onset. Polarization angles of S waves are 
estimated from the direction of particle motions and the direction of the 
hypocenter from the station. 

Figure 2 illustrates a focal mechanism solution for an A1 event obtained 
from the polarization data at stations 12, 15, and 16. Three observations of 
polarization angles are just enough to determine the orientation of a double- 
couple force system, which represents a shear fracture. Two lines in the 
figure indicate the nodal planes of the P-wave radiation pattern, which 
correspond to the fault plane and the auxiliary plane. This solution is in 
agreement with those postulated by Nakamura (3) from amplitude ratios of P 
and S waves, thus confirming the earlier results. 

The observed polarization angles of A1 moonquakes are not constant. 
Figure 3 shows the polarization angles of S waves at station 16 with respect 
to the anomalistic phase of the moon at the time of each event. The results 
indicate that the focal mechanism of A1 events does not reflect the release 
of accumulated tectonic stresses in the lunar interior, because tectonic 
stress is unlikely to change in relation to the anomalistic phase. 

The solid curve in Fig. 3 shows the theoretical polarization angle of S 
waves at station 16 calculated from the model of Nakamura (3). The model is 
specified by a pure-slip focal mechanism on a horizontal nodal plane with its 
slip direction rotating with the anomalistic phase. This also agrees with 
our previous results. The focal mechanism of deep moonquakes is controlled 
by the tidally induced stresses in the lunar interior. 
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In summary, both polarization of S waves and amplitudes of P and S waves 
indicate that A1 moonquakes are caused by shear fractures. The direction of 
slip vector rotates with the anomalistic phase of the moon, Therefore, the 
tidal stresses must be dominant in causing deep noonquakes. 
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Fig. 1. Seismogram of an A1 event at station 16 and the horizontal particle 
motion of the S-wave synthesized from two horizontal components. 

Fig. 3. (NEXT PAGE) Polarization angle of S waves at station 16 versus 
anomalistic phase. P and A stand for perigee and apogee, respecti-vely. 
Solid circles indicate polarization angles of A1 events recorded in the flat 
mode, and pluses and minuses those recorded in the peaked mode. Minuses are 
for "inverted" Al events and follow the right-hand side scale. Solid and 
long-dashed curves indicate theoretical polarization angles calculated from 
the model by Nakamura (3). 
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F ig .  2 .  Focal  mechanism 
s o l u t i o n  of  A 1  even t  of  
Day 20,  1976 i n  an  
upper hemisphere,  
equal -area  p r o j e c t  ion .  

F ig .  3 .  
(Caption on 
preceding  page) 
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