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A small number of l u n a r  se i smic  s i g n a l s  of d i s t i n c t i v e  p r o p e r t i e s  l e a d  

us  t o  b e l i e v e  t h a t  e i t h e r  t h e r e  a r e  some reg ions  of more competent geologic  
s t r u c t u r e  than t h e  normal, regol i th-covered s u r f a c e  s t r u c t u r e ,  o r  some im- 
pac t ing  o b j e c t s  e f f e c t  unusual ly  deep p e n e t r a t i o n ,  o r  shallow t e c t o n i c  moon- 
quakes occur.  A t o t a l  of e leven such even t s ,  l i s t e d  i n  Table 1, have been 
i d e n t i f i e d  t o  d a t e ,  r e p r e s e n t i n g  only about 0.2% of t h e  events  d e t e c t e d  by 
long per iod seismographs. 

Major c h a r a c t e r i s t i c s  of t h e s e  events  a r e :  (1) S igna l s  d e t e c t e d  by t h e  
s h o r t  pe r iod  ins t ruments  (peak response a t  8 Hz) a r e  s e v e r a l  t imes g r e a t e r  i n  
amplitude than those  on t h e  long per iod ins t rument  (peak response a t  0.45 Hz). 
(2) Both P- and S- wave a r r i v a l s  a r e  d i s t i n c t l y  observable ,  wi th  g r e a t e r  am- 
p l i t u d e  f o r  t h e  l a t t e r  and P-to-S i n t e r v a l s  ranging from 2 t o  5 minutes. (3) 
The s i g n a l  rise time of each phase is  very s h o r t ,  i n d i c a t i n g  n e g l i g i b l e  s c a t -  
t e r i n g  of se i smic  waves a t  t h e  source  region.  (4) With t h e  except ion of t h e  
s m a l l e s t  even t ,  t h e  s i g n a l s  a r e  d e t e c t e d  by a l l  s t a t i o n s .  (5) The observed 
amplitudes range from a few d i g i t a l  u n i t s  t o  n e a r l y  f u l l  s c a l e  (1023 d i g i t a l  
u n i t s )  a t  t h e  h i g h e s t  seismometer gain .  The amplitude of t h e  l a r g e s t  event  
i s  thus n e a r l y  two o r d e r s  of magnitude g r e a t e r  than t h a t  of t h e  l a r g e s t  s i g -  
n a l  p rev ious ly  i d e n t i f i e d  a s  a moonquake and is  one of t h e  l a r g e s t  se ismic  
events  observed t o  da te .  (6) Source l o c a t i o n s ,  a s  given i n  Table 1, a r e  
wrdely d i s t r i b u t e d  and no two even t s  occurred a t  t h e  same l o c a t i o n .  

F igure  1 shows t h e  SPZ/LPY amplitude r a t i o  vs .  P-S i n t e r v a l  of t h e s e  
events  a t  S t a t i o n  14 i n  comparison wi th  o t h e r  r e p r e s e n t a t i v e  se i smic  even t s  
of r e l a t i v e l y  l a r g e  P-S i n t e r v a l s .  I n  t h i s  p l o t ,  t h e  high frequency t e l e -  
se ismic  even t s  a r e  c l e a r l y  separa ted  from o t h e r  types  of events  wi thout  any 
t r a n s i t i o n a l  c a s e s  between t h e  two s e t s .  

Table 1. L i s t  of High-Frequency Teleseismic Events wi th  Estimated Origin 
Times and Source Locat ions  (neares t  5'; s u r f a c e  source  assumed) 

-- 

Year Day (Date) Estimated Or ig in  Time Estimated Source Location 

107 (Apr. 17) 
140 (May 20) 
192 ( J u l y  11) 
002 (Jan.  2) 
261 (Sept.  17) 
341 (Dec. 6) 
344 (Dec. 9) 
039 (Feb. 8 )  
072 (Mar. 13) 
171 (June 20) 
274 (Oct. 1 )  

h m s  
07: 00: 20 
17: 26: 20 
13: 24: 40 
22:28:40 
14: 34: 10 
2 3 ~ 0 7 :  50 
03: 50: 30 
22: 52: 00 
07:56:10 
20: 21: 50 
03:57:30 

50°N, 3 5 ' ~  
40°N, 20°W 
35ON, 50°W o r  3 5 O ~ ,  6 0 ' ~  
2300 km NE of s t a t i o n  15 
15ON, 6 0 ' ~  
45ON, 5 0 ' ~  
1500 km SW of s t a t i o n  14 
1000 km NE of s t a t i o n  15 
80°s, 150°W 

o0 , 65OW 
30°s, 30°W 
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The most important  d a t a  t h a t  would determine whether t h e s e  even t s  a r e  of 
e x t e r n a l  (meteoroid impacts)  o r  of i n t e r n a l  (moonquakes) o r i g i n ,  namely, t h e  
p r e c i s e  depths  of focus  of t h e s e  even t s ,  a r e  l ack ing  because of t h e  poor ac- 
curacy of hypocenter determinat ions .  However, t h e  shear  wave observed a t  s t a -  
t i o n  15 from t h e  March 13 ,  1973, event  a t  an es t imated d i s t a n c e  of g r e a t e r  
than 120 degrees ,  would have i n t e r s e c t e d  t h e  a t t e n u a t i o n  zone below t h e  1000 
km depth  i f  t h e  dep th  of t h i s  event had been g r e a t e r  than  300 km. Because of 
t h e  apparen t  l a c k  of evidence a g a i n s t  e i t h e r  one, we accep t  two working hypo- 
t h e s i s :  one of e x t e r n a l  o r i g i n  and ano ther  of i n t e r n a l  o r i g i n .  

I f  t h e s e  high-frequency t e l e s e i s m i c  events  a r e  from meteoroid impacts,  
they must occur i n  a way g r o s s l y  d i f f e r e n t  from ord inary  meteoroids impacting 
upon t h e  t y p i c a l  l u n a r  s u r f a c e .  The gradual  r i s e  and decay of s i g n a l  
s t r e n g t h  of a l l  a r t i f i c i a l  impacts and a l a r g e  number of n a t u r a l  events  a r e  
a t t r i b u t e d  t o  i n t e n s e  s c a t t e r i n g  of se i smic  energy i n  t h e  h igh ly  heterogen- 
eous s u r f a c e  zone t h a t  supposedly b lanke t  t h e  e n t i r e  moon. I n  c o n t r a s t ,  t h e  
high-frequency t e l e s e i s m i c  even t s  have n e a r l y  impulsive beginnings similar t o  
those  of moonquake s i g n a l s ,  i n d i c a t i n g  t h a t  s c a t t e r i n g  of se i smic  energy near  
t h e  source  r e g i o n  is  n e g l i g i b l e .  Therefore ,  i f  t h e s e  events  a r e  i n  f a c t  met- 
eoroid  impacts,one p o s s i b l e  exp lana t ion  f o r  t h e  unusual c h a r a c t e r i s t i c s  would 
be  t h a t  t h e  meteoroid impacted upon m a t e r i a l  of excep t iona l ly  high competency. 
This sugges t s  e i t h e r  t h a t  t h e  impact s i t e s  were r e l a t i v e l y  f r e e  of pu lver ized  
overburden, o r  t h a t  t h e  p e n e t r a t i o n  through t h e  r e g o l i t h  was g r e a t e r  than nor- 
m a l .  

On t h e  o t h e r  hand, even t s  of i n t e r n a l  o r i g i n  would r e q u i r e  reg ions  where 
shallow moonquakes occur.  A l l  t h e  moonquakes l o c a t e d  p rev ious ly  occurred a t  
depths  g r e a t e r  than 700 km. Though t h e  high-frequency t e l e s e i s m i c  even t s  
have s i g n a l  envelopes s i m i l a r  t o  those  of known moonquakes, t h e  former d i f f e r  
from t h e  l a t t e r  i n  f o u r  important c h a r a c t e r i s t i c s :  (1) frequency con ten t  
i s  much h igher ;  ( 2 )  some of them a r e  s t r o n g e r  than t h e  l a r g e s t  known moon- 
quakes by s e v e r a l  o r d e r s  of magnitude; (3) they do n o t  occur p e r i o d i c a l l y  a s  
t h e  moonquakes do; and (4)  no matching s i g n a l s  have been found. The d i f f e r -  
ence i n  phys ica l  p r o p e r t i e s  of m a t e r i a l  i n  t h e  source  reg ions  may account f o r  
t h e s e  d i f f e r e n c e s .  

I n  summary, t h e  smal l  number of t e l e s e i s m i c  events  wi th  unusual charac- 
t e r i s t i c s  suggest  t h a t  e i t h e r  (1) t h e r e  a r e  some reg ions  of r e s t r i c t e d  e x t e n t  
where rock of excep t iona l  competency w i t h  s t r u c t u r a l  homogeneity is found 
near  t h e  s u r f a c e ,  o r  ( 2 )  a  c l a s s  of r a r e  impacting o b j e c t s  e x i s t  t h a t  can 
p e n e t r a t e  t o  unusual ly  g r e a t  dep th ,  o r  (3) a smal l  number of moonquakes oc- 
cur  a t  shallow depth.  The c o r r e c t  hypothesis  may be  determined from r e f i n e d  
lunar  models, where depth  of focus  may be determined wi th  b e t t e r  accuracy 
than a t  p resen t .  S i t e s  a t  which t h e s e  unusual even t s  o r i g i n a t e  should b e  con- 
s i d e r e d  as prime candidates  f o r  l and ing  s i t e s  i n  any f u t u r e  l u n a r  e x p l o r a t i o n  
program. 
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Fig.  1. SPZ/LPY ampli tude r a t i o  vs .  P-to-S i n t e r v a l s  
of high-frequency (HI?) t e l ese i s rn ic  events  
and s e l e c t e d  o t h e r  even t s  a t  s t a t i o n  14. 
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