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I n a ,  a n  unusua l  D-shaped d e p r e s s i o n ,  i s  l o c a t e d  i n  Lacus F e l i c i t a t i s ,  
n o r t h  of Mare Vaporum (F igs .  1, 2 ) .  I ts f l o o r  i s  covered  w i t h  many s m a l l  
p r o t r u s i o n s  and i t  l i e s  on a  g e n t l y - s l o p i n g  dome which r e s t s  on a  b a s a l t  
p l a t e a u .  The f e a t u r e  was f i r s t  n o t i c e d  on Apol lo  1 5  panoramic camera photo-  
g r aphs  by E .  A .  Whitaker  (1)  who p o i n t e d  o u t  i t s  a p p a r e n t l y  un ique  c h a r a c t e r .  
El-Baz (2 ,3 )  proposed t h a t  i t  was a  c o l l a p s e  c a l d e r a  d i s p l a y i n g  ev idence  of 
e p i s o d i c  v o l c a n i c  a c t i v i t y .  Using d e t a i l e d  t opog raph ic  d a t a  from Lunar 
Topographic Orthophotomaps (LTO'S) a t  1:250,000 and 1 :10 ,000  s c a l e ,  i t  is  now 
p o s s i b l e  t o  more a c c u r a t e l y  d e p i c t  t h e  morphology and s t r u c t u r e  of t h e  
f e a t u r e  and t h e  su r round ing  r e g i o n .  

I n a  l i e s  i n  a  r e g i o n  between t h e  Apennine Mountains of t h e  Imbrium b a s i n  
and t h e  Haemus Mountains of S e r e n i t a t i s .  The a r e a  i s  c h a r a c t e r i z e d  by h igh-  
l and  m a t e r i a l s  dominated by hJJ-SY t r e n d i n g  l i n e a t i o n s  t h a t  a r e  r a d i a l  t o  
Imbrium ( 3 ) .  A p a t t e r n  r a d i a l  t o  S e r e n i t a t i s  i s  a l s o  e v i d e n t  a l t hough  l e s s  
pronounced. I r r e g u l a r  p a t c h e s  of m a r i a  a r e  p r e s e n t  and a r e  o f t e n  bordered  by 
s c a r p s  r a d i a l  t o  t h e  b a s i n s .  I n a  i s  l o c a t e d  i n  one of t h e s e  p a t c h e s ,  a t o p  a  
b a s a l t  p l a t e a u  t h a t  b i s e c t s  Lacus F e l i c i t a t i s  (F ig .  1 ) .  Sca rps  b o r d e r i n g  t h e  
p l a t e a u  have s l o p e s  of abou t  go and r e a c h  h e i g h t s  of a s  much a s  600 m .  The 
w e s t e r n  s c a r p  ex t ends  i n t o  t h e  h i g h l a n d s  t o  t h e  s o u t h  and appea r s  t o  emerge 
a s  a  mare r i d g e  t h a t  c r o s s e s  Mare Vaporum (3)  and t e r m i n a t e s  n o r t h e a s t  of 
S inus  Medii i n  a  r e g i o n  marked by d a r k  man t l e  m a t e r i a l  ( 4 ) .  I n  Mare Vaporum 
t h e  r i d g e  marks a  change i n  e l e v a t i o n  i n  t h e  o r d e r  of 100 m. 

Lacus O d i i ,  n o r t h e a s t  of F e l i c i t a t i s ,  e x h i b i t s  a n  i n c r e a s e  i n  e l e v a t i o n  
of more t h a n  400 m from wes t  t o  e a s t .  A l o b a t e  f low f r o n t  (F ig .  1 )  i n d i c a t e s  
t h a t  d u r i n g  t h e  l a t e s t  e p i s o d e  of e x t r u s i o n  of mare l a v a s ,  f l ows  i n  O d i i  
t r a v e l e d  from wes t  t o  e a s t .  T h i s  s u g g e s t s  t h e  o r i g i n a l  t opog raph ic  s l o p e  was 
d i f f e r e n t  from t h a t  of t h e  p r e s e n t  day and i n d i c a t e s  subs idence  o r  u p l i f t  of 
p a r t  of O d i i  subsequent  t o  mare emplacement. Th i s  ev idence ,  coupled w i t h  t h e  
e x i s t e n c e  of t h e  r e l a t i v e l y  r a i s e d  F e l i c i t a t i s  p l a t e a u  s u g g e s t s  t h e  v e r t i c a l  
d i sp l acemen t  of much of t h e  mar i a  i n  t h e  r e g i o n .  

Topographic maps i n d i c a t e  t h a t  I n a  r e s t s  on a  dome which i s  about  1 5  km 
i n  d i ame te r  and which r i s e s  more t han  200 m above t h e  s u r f a c e  of  t h e  p l a t e a u  
(F ig .  3 ) .  The done e x h i b i t s  a  lower c r a t e r  d e n s i t y  t h a n  t h e  su r round ing  mare 
(3) .  Along I n a '  s r i m  i s  a  r a i s e d  " c o l l a r " ,  about  1 . 6  km wide marked by a  
c r a t e r  d e n s i t y  even lower t h a n  t h e  r e s t  of t h e  dome. Over lapping  f l ow  f r o n t s  
i n d i c a t i n g  a  f low d i r e c t i o n  away from I n a  e x i s t  on t h e  c o l l a r  and nea rby .  I n  
a d d i t i o n ,  a  p o s s i b l e  l o b a t e  f low on I n a ' s  n o r t h  s i d e  s u g g e s t s  t h a t  m a t e r i a l  
may have  flowed from t h e  r i m  i n t o  I n a .  

I n a  measures  abou t  2 .8  km a l o n g  i t s  s t r a i g h t  edge and is  about  60 m deep. 
Four u n i t s  c a n  be d i s t i n 2 u i s h e d  on i t s  f l o o r  (F ig .  2 ) :  

Un i t  1--a l i g h t - c o l o r e d ,  rough- tex tured  u n i t  cove r ing  mos t -o f  I n a ' s  
f l o o r .  The s u r f a c e  d i s p l a y s  i n t e r l o c k i n g  subdued hummocky forms.  

Un i t  2--a dark-co lored ,  h i l l y  u n i t  found predominant ly  a l o n g  t h e  e a s t e r n  
edge of  t h e  f l o o r ,  and a p p a r e n t l y  o v e r l y i n g  u n i t  1. T h i s  d a r k  m a t e r i a l  is  
c h a r a c t e r i z e d  by s m a l l  h i l l s  w i t h  summit d e p r e s s i o n s  and may r e p r e s e n t  a  
p y r o c l a s t i c  d e p o s i t .  

Un i t  3--smooth-textured, s p a r s e l y  c r a t e r e d ,  p r o t r u s i o n s  on t h e  f l o o r .  
Many of t h e s e  s t r u c t u r e s ,  h e r e  r e f e r r e d  t o  a s  mounds, a r e  somewhat f l a t -  
topped w h i l e  o t h e r s  a r e  more rounded.  The i n d i v i d u a l  mounds have h e i g h t s  

2 r ang ing  from about  5  m t o  more t h a n  25 m and a r e a s  from .003 km2 t o  .26 km . 
Some appea r  t o  have  summit c r a t e r s .  However, t h e r e  i s  no c o n s i s t e n t  r e l a t i o n  
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between c r a t e r  diameter and mound diameter,  a s  has been noted i n  mare domes 
(5) .  Many of these  c r a t e r s  may, the re fore ,  be f o r t u i t o u s  impacts. There 
seems t o  be,  however, a  tendency f o r  t h e  c r a t e r s  t o  favor  t h e  t a l l e s t  mounds. 
80% of t h e  mounds over 15 m h igh have t h e  l a r g e  summit c r a t e r s ,  while l e s s  
than 20% of those  below 15 rn do. A t  t h e  margin of I n a ' s  f l o o r  t h e  mounds a r e  
d i s c r e t e ,  whereas i n  t h e  cen te r  they coa lesce  t o  form one l a r g e  complex, 
p a r t s  of which e x h i b i t  a  concentr ic  plan.  The p r e f e r e n t i a l  l o c a t i o n  i n  t h e  
lower c e n t r a l  p a r t  of t h e  depress ion and t h e  concen t r i c  p a t t e r n  which may 
r e f l e c t  a  f r a c t u r e  system support  t h e  idea  (3) t h a t  t h e  mounds a r e  ex t rus ive  
f e a t u r e s .  I n  add i t ion ,  t h e  m a t e r i a l  c o n s t i t u t i n g  t h e  mounds i s  o f t e n  
i n d i s t i n g u i s h a b l e  from t h e  mare m a t e r i a l  on t h e  r i m  and w a l l s .  This s imi la r -  
i t y  is s u b s t a n t i a t e d  by observat ions  by t h e  Apollo 17 a s t r o n a u t s  t h a t  t h e  
mounds and t h e  m a t e r i a l  surrounding I n a  a r e  t h e  same co lor  ( 6 ) .  

Al te rna t ive ly ,  t h e s e  mounds may be analogous t o  t h e  f e a t u r e s  c a l l e d  
Dimmuborgir (Dark Cas t l es )  found near  I e a t n ,  nor thern Iceland,  a s  was 
suggested by Wood e t  a l .  (7). The Dark Cas t l es  a r e  "lava p i l l a r s "  10-20 m 
high which a r e  found i n  a  c i r c u l a r  depress ion about 1-2 km i n  diameter and 
about 15 m deep (8) .  Bar th  (8) suggested t h e  a rea  was a  l a v a  l a k e  t h a t  had 
drained leaving t h e  p i l l a r s  ( a reas  t h a t  had a l ready s o l i d i f i e d )  s tanding.  
I n  support  of t h i s  theory h e  c i t e d  v e r t i c a l  grooves s i m i l a r  t o  s l i ckens ides ,  
and h o r i z o n t a l  markings a t  d i f f e r e n t  l e v e l s  on t h e  p i l l a r s  as evidence of t h e  
s ink ing  of t h e  l a k e ' s  c r u s t .  Wood (pers .  corn.)  suggests  s i m i l a r l y  t h a t  t h e  
o f t e n  f l a t  tops  and r e l a t i v e l y  s t e e p  s lopes  i n d i c a t e  t h a t  t h e  I n a  mounds 
may represen t  t h e  remnants of a  former s u r f a c e  which has  p a r t i a l l y  col lapsed.  
However, a  d i f f i c u l t y  e x i s t s  i n  t h a t  t h e  Ina  mounds a r e  n o t  a l l  a t  t h e  same 
l e v e l ,  t h e i r  summits a t  t i m e s  d i f f e r i n g  i n  e l e v a t i o n  by a s  much as 20 m. 
Van Bemmelen and Rutten (9)  s t a t e  t h a t  r a t h e r  than c o n s i s t i n g  of layered 
l ava ,  t h e  Dimmuborgir p i l l a r s  a r e  scor iaceous  mate r ia l ,  perhaps t h e  r e s u l t  
of turbulence and edd ies  i n  t h e  l a v a  lake.  This hypothesis  would suggest  a  
d i f f e r e n t  o r i g i n  f o r  t h e  f e a t u r e s  i n  I n a  i f  t h e  Ina  mounds a r e  composed of 
m a t e r i a l  much t h e  same a s  t h a t  found on t h e  r i m .  

Unit 4--bright a n n u l i  (Fig. 2)  found around t h e  mounds and humocks,  
and o u t l i n i n g  Ina ' s  f l o o r .  The m a t e r i a l  was i n t e r p r e t e d  a s  subl imates  by 
Glhitaker (1) .  A l t e r n a t i v e l y  it  may represen t  l ight-colored s c o r i a  co l l ec t ing  
i n  annular depressions.  A s i m i l a r  u n i t  e x i s t s  on t h e  l ava  l a k e  i n  
Keanakakoi Cra te r  sou theas t  of t h e  Kilauea ca ldera  (10, p l a t e  105B). 

We propose t h a t  ex tens ive  f r a c t u r i n g  of t h e  a r e a ,  caused by i t s  prox- 
imi ty  t o  two of t h e  l a r g e s t  nea rs ide  impact 'bas ins ,  allowed t h e  abundant 
ex t rus ion  of mare l avas  and t h e  l a t e r  c o l l a p s e  and subsidence of much of t h e  
region.  During t h e  last  s t a g e s  of ex t rus ion  t h e  15-km dome was formed on 
t h e  p la teau  i n  F e l i c i t a t i s .  The e x t r u s i v e  o r i g i n  of t h i s  f e a t u r e  is 
supported both  by i t s  low c r a t e r  d e n s i t y  and by i t s  d i s t i n c t  co lo r  on t h e  
IR-W photographs of Whitaker (11). It is  considerably b l u e r  than any of 
t h e  surrounding mare m a t e r i a l s .  This is i n  keeping wi th  t h e  observat ion by 
Apollo.17 a s t r o n a u t s  t h a t  t h e  Ina  s t r u c t u r e  has a  "b lu i sh  t i n t "  (6).  I n a ' s  
l o c a t i o n  a t  t h e  s u m m i t  of an e x t r u s i v e  dome suggests  t h a t  it is  indeed a  
ca ldera .  Erupt ions  i n  Ina  a r e  ind ica ted  by t h e  d i f f e r e n t  u n i t s  on i ts  f l o o r .  
Flow s t r u c t u r e s  on t h e  young "col lar"  t h a t  suggest  flow both toward and away 
from t h e  c r a t e r ,  a s  w e l l  a s  small  dome-like f e a t u r e s  on t h e  r i m  suggest  a  
l a te - s tage  episode of vo lcan ic  ex t rus ion  along r i m  f r a c t u r e s .  
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