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The seismic Q of the lunar interior has been known to be unusually high 
ever since the first observation of lunar seismic signals (1). The reported 
values are generally in the ranges of 3000 to 3600 for the upper crust as 
measured from scattered coda waves (1,2), 4000 to 4800 in the upper mantle 
for both P and S waves (3,4), and 1400 to 1500 in the deeper portion of the 
mantle for both P and S waves (3,4). All these values were determined 
assuming Q to be independent of frequency. We consider them as rough 
estimates because only a few selected signals were used for each 
determination. The only known determination of frequency dependent Q was for 
the scattered waves in the surficial zone at Apollo 15 and 16 sites, where Q 
increased from 1600 to 2300 as frequency increased from 4 to 8 Hz (5). 

In the present study, we set out to determine frequency dependence of 
shear-wave Q in the upper mantle in a frequency range of roughly 2 to 8 Hz. 
The results show a significant increase of Q with increasing frequency, 
reaching values of 20,000 to 30,000 at frequencies above 5 Hz. 

The data used were shear-wave arrivals as observed on short-period 
seismograms from shallow moonquakes. The method involved computations of the 
derivatives of power spectral densities with respect to frequency and their 
regressions with respect to travel times. Standard errors were also 
estimated from the variances of the regression slope. 

The values of Q determined separately for Apollo stations 14, 15 and 16 
were found not to be significantly different from each other, reflecting no 
clear regional differences in the attenuation characteristics in the upper 
mantle. Figure 1 shows a combined result using 28 seismograms from all three 
stations. Those signals for which the travel time exceeds 700 seconds were 
excluded from this analysis so that the deepest parts of the seismic rays 
were kept within the upper mantle. The width of each cross represents the 
frequency band in which the Q is determined, and the height of each cross 
shows the range of one standard error. 

The results clearly show the frequency dependent nature of attenuation 
in the lunar upper mantle. The earlier determined Q's of 4000 to 4800 (3,4) 
appear to apply only to frequencies around 1 Hz. The value of Q increases 
rapidly at higher frequencies. The apparent slight reduction of Q above 
about 7 Hz may not be real because of the sharp drop-off in instrument 
response at higher frequencies. 

Whether these extremely high Q values truly represent intrinsic values 
of shear-wave Q in the upper mantle requires some consideration. Are there 
any mechanisms, such as scattering and non-linear behavior, b which 
artificially high apparent Q is produced? If the computed Q" becomes 
negative, we can definitely say that some such mechanisms are operating, but 
with the values of Q-l remaining positive, the computed Q'S may be intrinsic. 

We have not yet thoroughly considered interpretation of this result 
beyond some speculations. Theoretical explanations and experimental 
verifications of observed high Q's are also left for future study. 
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Fig. 1. Shear-wave Q in the upper mantle of the moon. 
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