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Major ray c r a t e r s  a r e  loca ted  almost exclusively  on the  
ear th-facing s i d e  of the Moon. Their  d i s t r i b u t i o n  i s  not random 
most of them being s i t u a t e d  on one of two l i n e s  t h a t  a r e  near ly  
g r e a t  c i r c l e  a r c s  (from Tycho t o  Aris tarchus  and from Tycho t o  
Thales . )  By comparison wi th  earth-based impact p a t t e r n s  impact 
o r i g i n  f o r  these  c r a t e r s  would be b e t t e r  supported i f  the c r a t e r s  
were randomly placed (mul t ip le  impact o r i g i n )  o r  d i s t r i b u t e d  i n  
e l l i p s e  p a t t e r n s  s i m i l a r  t o  those produced by meteor i te  shower 
impacts on the  e a r t h .  

The ray c r a t e r  a r c  from Tycho t o  Aris tarchus  crosses  Oceanus 
Procellarum and thus i s  s i t u a t e d  i n  mare type mater ia l  over most 
of i t s  length.  I t  i s  a l s o  wel l  defined by o the r  da ta :  lunar  
t r a n s i e n t  event s i t e s  (Clavius,  Tycho, Bul l ia ldus ,  Kunowsky, 
Kepler, and Ar i s t a r chus ) ,  a l l  the  ray c r a t e r s  having a t  one time 
o r  another been repor ted a s  showing such phenomena; and moonquake 
ep i cen te r s .  The g rea t - c i r c l e  a r c  from Tycho t o  Thales c rosses  
highland a reas  a s  wel l  a s  mare a reas .  Rays, t r a n s i e n t s ,  and 
ep icen te rs  each def ine  t h i s  a r c  a l s o .  

The assoc ia ted  hypocenters of the  moonquakes, where the  
a c t i v i t y  a c t u a l l y  takes place  a r e  reported t o  be  a t  depths of 
about 800-1100 km. No such c o r r e l a t i o n s  of deep-focus phenomena 
and surface  f ea tu re s  a r e  known on the  e a r t h ,  and the  p o s s i b i l i t y  
of conduits  leading from depth t o  the sur face  i n  d i r e c t  comrnuni- 
ca t ion  does not  appear l i k e l y .  Such conduits  on e a r t h  a r e  known 
only f o r  sho r t  d i s tances  and a r e  almost invar iab ly  assoc ia ted  
wi th  the presence of water  which i s  conspicuously absent  on the  
Moon. 

The pa ra l l e l i sm between the  arrangement of lunar  sur face  
s i t e s  along a  g r e a t  c i r c l e  and the  arrangement of moonquake s i t e s  
along an almost coplanar and s imi l a r  a r c  a t  about halfway t o  the  
cen te r  of the Moon i s  s t r i k i n g .  The second l i n e  of rays and ray 
c r a t e r s  i s  a  g rea t - c i r c l e  a r c  t h a t  t r ave r se s  the  c r a t e r s  ~ y c h o ,  
Menelaus, and Thales. This a r c  crosses  a highland a rea .  No 
moonquake ep icen te rs  o r  t r a n s i e n t s  a r e  known t o  be  located i n  the  
ea s t e rn  highlands,  b u t  the  Alphonsus chain wi th  severa l  t r a n s i e n t  
s i g h t s  i s  located j u s t  west of the  g rea t  c i r c l e .  Epicenters near 
Tycho and near the edge of S e r e n i t a t i s  l i e  c lose  t o  t h i s  g rea t  
c i r c l e  as  we l l  a s  o the r  s i t e s  of t r a n s i e n t s .  A t h i r d  a r c  from 
Copernicus t o  Proclus can b e  t raced i n  a  s i m i l a r  way. The 
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ex i s tence  of s p e c i f i c  small-scale s i t e s ,  c r a t e r s  a t  the  sur face  
and moonquake s i t e s  a t  depth,  t h a t  a r e  s i g n i f i c a n t  i n  the  context  
may imply the  ex is tence  of conduits  t o  the  sur face  from some 
intermediate depth.  Kimberlite pipes a r e  t e r r e s t r i a l  geological  
f ea tu re s  i n  which deep mantle and c r u s t a l  types of mater ia l  a r e  
mixed and which of ten  show evidence of much g a s i f i c a t i o n .  ('1 2 ,  
These pipes may there fore  have some relevance i n  the  present  
context .  

The p o s s i b i l i t y  t h a t  ray c r a t e r s  were formed along f i s s u r e s  
from s l i g h t l y  subsurface pockets of f l u id i zed  mater ia l  i n  a  
cooling Moon i s  examined. F lu id i za t ion  i s  a  process i n  which 
gas passes through a  bed of f ine-grained s o l i d  p a r t i c l e s  which 
then begins t o  show p rope r t i e s  of a  f l u i d ;  mixing and chemical 
reac t ion  a r e  a l s o  promoted. ( 2 , 3 , 4 )  According t o  Gooley -- e t  a l .  (5) 
rock sample 76535 shows evidence of high pressure .  Thus, a t  
l e a s t  one lunar  rock may have reached the  sur face  from depth. 
M i l l s  ( 6 t 7 )  has shown t h a t  a  v a r i e t y  of lunar  c r a t e r  forms can be 
reproduced i n  the  labora tory  by f l u i d i z a t i o n  of s o i l .  A s  cool- 
ing  proceeded a  sur face  lineament such a s  t h a t  ind ica ted  by the  
l i n e  of ray c r a t e r s  from Tycho t o  Aris tarchus  might propagate 
downwards along wi th  the  downward migration of the  inner  lunar  
c r u s t a l  edge. Nafi Toksoz has shown t h a t  i t  i s  probable t h a t  the  
Moon i s  s t i l l  cooling and t h a t  the  deep i n t e r i o r  i s  now h o t t e r  
than the  sur face .  Latham -- e t  a l .  ( * )  and Chapman, Middlehurst and 
F r i s i l l o  have found t h a t  the  presence of a  low-viscosity l aye r  
a t  the  depth of the  moonquake zone i s  probable. The assumption 
of a  cooling b u t  once hot  ( sur face  about 800-900'~) Moon a l s o  
f i t s  the model of the  o r i g i n  of the Moon now adopted b y  Appleby 
and Middlehurs t .  (1 0 )  
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