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The f l o o r s  of 192 lunar  c r a t e r s  e x h i b i t  l a rge-sca le  f r a c t u r i n g  arranged 
i n  annu la r ,  polygonal ,  and r a d i a l  p a t t e r n s .  Such c r a t e r s  have been descr ibed 
and i n t e r p r e t e d  as i s o s t a t i c a l l y  ad jus ted  impact c r a t e r s  ( I ) ,  a s  p o s s i b l e  r e -  
su rgen t  cauldrons  ( 2 ) ,  and a s  v o l c a n i c a l l y  modified impact c r a t e r s  (3 ,4 ) .  
Annular f r a c t u r e  p a t t e r n s  comprise 56% of t h e  t o t a l  number of p a t t e r n s ;  
polygonal,  33%; and r a d i a l ,  11%. Histograms of c r a t e r  s i z e s  i n  10 km i n t e r -  
v a l s  r e v e a l  t h a t  t h e  most common diameter of f l o o r - f r a c t u r e d  c r a t e r s  is  
approximately 20 km with  t h e  mean being 42 km. Cra te r s  having concen t r i c  
p a t t e r n s  tend t o  be l a r g e r  (mode 35 km) wi th  l e s s  skewness i n  t h e  s i z e  d i s t r i -  
b u t i o n  (mean 44 h) than c r a t e r s  having polygonal (mode, 15 km; mean, 42 km) 
o r  r a d i a l  (mode, 15 km; mean, 52 km) . 

Approximately 11% of t h e  f l o o r - f r a c t u r e d  c r a t e r s  e x h i b i t  preserved 
e j e c t a  b l a n k e t s ,  some of which resemble t h e  e j e c t a  f a c i e s  surrounding Copern- 
i c u s ,  and t h e  e j e c t a  b lanke t  from t h e  f l o o r - f r a c t u r e d  c r a t e r  Tarunt ius  over- 
l a p s  por t ions  of Mare F e c u n d i t a t i s .  Although f l o o r - f r a c t u r e d  c r a t e r s  
commonly pos tda te  t h e  formation of t h e  major impact bas ins  b u t  p reda te  t h e  
emplacement of t h e  l a s t  mare u n i t s ,  those  c r a t e r s  t h a t  can be compared 
s t r a t i g r a p h i c a l l y  t o  such bas ins  i n d i c a t e  t h a t  many were formed p r i o r  t o  t h e  
basin-forming event  and t h a t  t h e i r  f l o o r s  were f r a c t u r e d  dur ing a l a t e r  and 
s e p a r a t e  s t a g e .  

The s p a t i a l  d i s t r i b u t i o n  o f  f l o o r - f r a c t u r e d  c r a t e r s  shows pronounced 
concen t ra t ions  in t h e  highlands  a long t h e  margins of t h e  maria.  Notable 
c l u s t e r i n g  occurs  a long western  Oceanus Procellarum, Mare N e c t a r i s ,  Mare 
Smythii ,  and t h e  Apol lo-Ingeni i  complex on t h e  lunar  f a r s i d e .  Such a c l o s e  
s p a t i a l  a s s o c i a t i o n  sugges t s  a g e n e t i c  a s s o c i a t i o n  wi th  t h e  magma respons ib le  
f o r  the  maria.  However, approximately 12% of those  c r a t e r s  recognized occur 
deep i n  t h e  lunar  h ighlands  and a r e  n o t  s p a t i a l l y  a s s o c i a t e d  wi th  mare- 
f i l l e d  regions .  I n  a d d i t i o n ,  Mare Aus t ra le  shows a marked absence of 
c r a t e r s  wi th  f r a c t u r i n g  , al though t h i s  p a r t i c u l a r  mare is  c h a r a c t e r i z e d  by 
mare - f i l l ed  c r a t e r s .  

Floor  u n i t s  e x h i b i t i n g  f r a c t u r e  p a t t e r n s  inc lude  r e l a t i v e l y  high-albedo 
u n i t s  with complex smal l - sca le  hummocky topography, Cayley-like p l a i n s ,  and 
marel ike  u n i t s .  The complex hummocky u n i t s  e x h i b i t  wide v a r i a t i o n s  i n  pre- 
served c r a t e r  populat ions  and a n  assortment of smal l -scale  s t r u c t u r a l  and 
vo lcan ic  s u r f a c e  f e a t u r e s  (3 ) .  This and t h e  Cayley-like f l o o r  u n i t s  commonly 
a r e  mantled l o c a l l y  by low-albedo material der ived from ven ts  a long t h e  
f r a c t u r e  system. I n  a d d i t i o n ,  s e v e r a l  f l o o r - f r a c t u r e d  c r a t e r s  c o n t a i n  r e l a -  
t i v e l y  smooth plains-forming u n i t s  surrounding t h e  c e n t r a l  peak complex and 
ad jacen t  t o  t h e  wa l l .  

Approximately 14% of those  c r a t e r s  wi th  f l o o r  f r a c t u r e s  a l s o  e x h i b i t  an  
annular  depress ion ,  o r  " m a t  ," a d j a c e n t  t o  t h e  c r a t e r  wa l l .  Such moats range 
i n  width from a narrow c r e v i c e  t o  a wide depress ion and commonly e x h i b i t  a 
d iscont inuous  r i d g e  on the  a d j a c e n t  f l o o r  edge. The most common c r a t e r  diam- 
e t e r  i s  approximately 35 km with a mean diameter of 29 km. Rat ios  of t h e  
moat a r e a  t o  t h e  t o t a l  c r a t e r  a r e a  were compared wi th  t h e  r a t i o s  of t h e  wa l l  
a r e a  t o  t h e  t o t a l  c r a t e r  a r e a  of "normal" (Copernicus-l ike) c r a t e r s .  The 
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wall-area r a t i o s  p lo t t ed  aga ins t  the c r a t e r  diameter descr ibe a s t r a i g h t  l i n e  
decreasing with c r a t e r  s i z e .  The moat-area r a t i o  shows a s imi l a r  r e l a t i o n  
but cons is ten t ly  has a lower value than the wal 1-area r a t i o .  It i s  thought 
t h a t  these lower values r e f l e c t  a s t r u c t u r a l  separat ion of a f l oo r  p l a t e ,  the 
border of which extends beneath the old wall  slumps. The moatlike depression 
commonly i s  pa r t l y  f i l l e d  with e i t h e r  a high-albedo p la ins  u n i t  or  mare u n i t s  
which bury remnants of the old wall  slumps. 

Comparison between the heights  of c e n t r a l  peaks t h a t  a r e  found within 
f loor-fractured c r a t e r s  and Copernicus-like c r a t e r s  reveals  t h a t  the c e n t r a l  
peaks within c r a t e r s  having f l o o r  f r ac tu re s  tend t o  be s l i g h t l y  smaller than 
those within Copernicus-like c r a t e r s .  However, the peak-to-rim d is tance  
within f  loor-fractured c r a t e r s  a r e  t yp ica l ly  smaller than t h i s  d i s tance  with- 
i n  Copernicus-like c r a t e r s ,  and i n  a t  l e a s t  two f loor-fractured c r a t e r s  the 
peak extends above the  surrounding rim. This comparison i s  in te rpre ted  a s  
evidence fo r  en bloc u p l i f t  of a f l oo r  t h a t  o r ig ina l ly  resembled the f l o o r  
of an impact c r a t e r .  Approximately ha l f  of those f loor-fractured c r a t e r s  
with ava i lab le  Earth-based topographic da ta  exhib i t  a f l oo r  l eve l  comparable 
t o  o r  g rea t e r  than the  e leva t ion  of the adjacent  maria. 

In  ha l f  of those f loor-fractured c r a t e r s  with c e n t r a l  peaks, the peak 
complex can be described a s  a small annulus, an acen t r a l  a r c ,  o r  a peak with 
a c e n t r a l  p i t .  Such morphologies can be explained i f  the c e n t r a l  port ion of 
the peak complex collapsed during f loo r  u p l i f t .  The c e n t r a l  peak c o q l e x  i n  
the Sudbury s t ruc tu re  on Earth has been suggested (5) t o  have undergone 
possibly analogous col lapse.  In  c r a t e r s  with concentric f l oo r  f r ac tu re s ,  the 
c e n t r a l  peak complex commonly i s  separated i n t a c t  from the surrounding f loo r  
and may remain a s  an in su la r  peak or  platform a f t e r  inundation of the f l o o r  
by mare un i t s .  I n  con t r a s t ,  a few f loor-fractured c r a t e r s  show evidence f o r  
col lapse of the e n t i r e  c e n t r a l  peak complex with subsequent pooling of mare 
u n i t s  in  i t s  place. 

The rim appearance of f loor-fractured c r a t e r s  shows considerable va r i e ty  
which general ly  r e f l e c t s  the  s tage  of c r a t e r  modification p r io r  t o  f l oo r  
f rac tur ing .  Several c r a t e r s  adjacent  t o  the maria ( fo r  example Gassendi and 
Doppelmayer) , however, exh ib i t  a t r a n s i t i o n  from a normal outward-dipping rim 
region t o  a symmetric r idge  o r  platform p ro f i l e .  An ex te r io r  annular de- 
pression can be iden t i f i ed  adjacent  to  the r idge l ike  segment of the rim. 
This p r o f i l e  i s  thought t o  be r e l a t ed  t o  the modification of the c r a t e r  in- 
dicated by f loo r  f rac tur ing .  

These observations and in t e rp re t a t ions  can be f i t t e d  i n t o  an ideal ized 
sequence of events.  An impact c r a t e r  generates f r ac tu re s  i n to  the lunar 
c r u s t  and during the  epochs of mare emplacement, these f rac tures  a c t  a s  
escape routes  fo r  the mare-producing magma. The magma i s  trapped a s  a s i l l  
beneath the c r a t e r  f l o o r ,  and a s  t h i s  magma reservoi r  enlarges,  the f l oo r  
p l a t e  r i s e s .  Wall slumping i s  t r iggered ,  and a s  the f l o o r  p l a t e  r i s e s ,  a 
moat develops with a discontinuous r idge on the old f loo r  corresponding t o  
the remnants of the old wall  slumps. Mare un i t s  t yp ica l ly  a r e  emplaced i n  
the moat on the s i d e  of the  c r a t e r  c l o s e s t  t o  a mare p la ins  region, and the 
moat commonly i s  widest and best-developed in  t h i s  d i rec t ion .  This asym- 
metry i s  thought t o  r e f l e c t ,  i n  p a r t ,  an acen t r a l  concentration of trapped 
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magma where the remnant weaknesses beneath the old impact c r a t e r  f i r s t  i n t e r -  
s e c t  f rac tures  extending from the mare-producing magma chamber beneath the 
maria. Pyroc las t ic  erupt ions may occur and blanket port ions of the f l o o r  
with low-albedo depos i t s .  I n  some c r a t e r s ,  the e n t i r e  cen t r a l  peak complex 
may col lapse out of s i t e .  I f  a la rge  magma reservoi r  develops and i f  enough 
s u r f i c i a l  extrusions occur,  the f l oo r  may founder, r e su l t i ng  i n  a mare- 
f i l l e d  c r a t e r  without evidence f o r  a c e n t r a l  peak. During the l a t e r  s t ages ,  
the magma f inds  a path t o  the rim region through old slump f a u l t s ,  and 
p a r a s i t i c  eruptions may break out  on the  rim (several  mare-f i l led c r a t e r s  
have the head c r a t e r s  of sinuous r i l l e s  on t h e i r  rims).  S t ruc tu ra l  modifi- 
cat ions of the rim region produce segments t ha t  have a r idge  p ro f i l e .  Ex- 
tensive modification r e s u l t s  i n  a multirimmed plan o r  a platformlike p ro f i l e .  
The Flamsteed Ring and the ghost r ing  Lamont a r e  thought t o  represent  p a r t l y  
and completely mare-inundated c r a t e r s ,  respec t ive ly ,  t h a t  have undergone such 
f i n a l  s tages of f l o o r  and rim modification. I f  the magma re se rvo i r  becomes 
la rge  enough, a pos i t i ve  gravi ty  anomaly may r e s u l t ,  a s  i n  the c r a t e r s  
Grimaldi and ~ r i i g e r .  More typ ica l ly ,  f loor-fractured c r a t e r s  and p a r t l y  
mare-inundated c r a t e r s  remain a s  negative gravi ty  anomalies. 

The above sequence i s  no t  the  complete descr ip t ion  fo r  there a r e  severa l  
ways, f o r  example, t o  produce concentr ic  f r ac tu r ing ,  and r a d i a l  pa t te rns  a r e  
believed t o  r e f l e c t  l e s s  planar sub-floor in t rus ions .  In  addi t ion ,  not  a l l  
c r a t e r s  evolve t o  the  mire- f i l l ing  s tage .  There i s  a l so  morphologic evi-  
dence t h a t  numerous f loor-fractured c r a t e r s  have had an e n t i r e l y  new f l o o r  
emplaced p r i o r  t o  the l a s t  s tage  of s t r u c t u r a l  modification. 

I n  terms of lunar  h i s t o r y ,  f loor-fractured c r a t e r s  a r e  v i s i b l e  indi-  
ca tors  of the i n t e r n a l  thermal h i s t o r y  and become precursors t o  regional  
inundation by mare u n i t s .  Furthermore, they take an ac t ive  r o l e  i n  the in- 
undation of the i r r egu la r  maria. Those f loor-fractured c r a t e r s  occurring 
deep i n  the highlands ind ica te  a preserved form of i so la ted  highland vol- 
canism. I f  a s imi l a r  period of c r a t e r  modification occurred p r io r  to the 
formation of the  l a s t  major impact basin,  then a mechanism i s  ava i lab le  t h a t  
can remove the c e n t r a l  peak complex and reduce the depth of some anc ien t  
highland impact c r a t e r s  without extensive f i l l  deposi ts .  

Pa r t  of t h i s  study was performed under NASA Research Grant NGL 44-012- 
045 and a s  a National Research Council Research Associate a t  NASA-Ames 
Research Center. 
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