
SPECIXAL STUDIES OF THE HIGHLANDS AROUND TEE NECTARIS BASIN: PRET.,IM- 
INARY RESULTS; B.R. Hawke, P.G. Lucey, J .F .  Be l l ,  and P.D. Owensby, P lane ta ry  
Geosciences Div., Hawaii I n s t .  of Geophys., Univ. of Hawaii, Honolulu, H I  
96822; P.D. Spudis and P.A. Davis, U.S. Geological  Survey, F l a g s t a f f ,  AZ 
86001. 

INI'RODUCTION: Valuable  i n s i g h t  concerning l a t e r a l  and v e r t i c a l  changes i n  
the  composit ion of t h e  l u n a r  c r u s t  oan be provided by s t u d i e s  of m a t e r i a l s  
exposed by t h e  l u n a r  impact bas ins .  These impacts have excavated m a t e r i a l  
from a  v a r i e t y  of dep ths  and depos i t ed  t h i s  e j e c t a  i n  a  sys temat ic  manner. We 
have r e c e n t l y  p resen ted  t h e  r e s u l t s  of remote s e n s i n  u d i e s  of t h e  i n t e r i o r  gl-s3f and e x t e r i o r  d e p o s i t s  of Imbrium and O r i e n t a l e  b a s i n s  . The purpose of t h i s  
paper i s  t o  p r e s e n t  t h e  p re l iminary  r e s u l t s  of s p e c t r a l  s t u d i e s  of the  high- 
lands  u n i t s  a s s o c i a t e d  w i t h  N e c t a r i s  bas in .  While the  primary purpose of t h i s  
work i s  t o  unders tand t h e  pre-impact s t r a t i g r a p h y  of the  n e c t a r i s  t a r g e t  s i t e ,  
o t h e r  o b j e c t i v e s  include t h e  fo l lowing :  1) t o  b e t t e r  unders tand t h e  composi- 
t i o n  and o r i g i n  of t h e  geologic  u n i t s  i n  t h e  v i c i n i t y  of t h e  Apollo 1 6  s i t e ,  
2 )  t o  determine t h e  provenance of t h e  Apollo 16  samples, 3 )  t o  i n v e s t i g a t e  the  
n a t u r e  of geochemical and s p e c t r a l  anomalies i n  the  N e c t a r i s  r eg ion ,  and 4 )  t o  
search f o r  evidence of both  pre- and post-basin volcanism i n  t h e  h ighlands  of 
the  region.  

METHOD: F o r t y  near-inf r a r e d  s p e c t r a  ( 0 . 6 - 2 . 5 ~ )  were r e c e n t l y  (September 
1984) ob ta ined  a t  t h e  Mauna Kea Observatory 2.24-m te lescope  us ing the  Plane- 
t a r y  Geosciences Div i s ion  indium antimonide spect rometer .  Ex t inc  i o n  correc-  t 
t i o n s  were made us ing  the  techniques  desc r ibed  by McCord and Clark  . Analyses 
of a b s o r p t i o n  ba ds and continuum s lopes  were made us ing t h e  methods p resen ted  P 
by McCord e t  a l .  . 

RESULTS DISCUSSION: A p r e l i m i n a r y  survey of t h e  s p e c t r a  obta ined f o r  
f r e s h  c r a t e r s ,  mass i f s ,  and mature s u r f a c e s  i n  t h e  h igh lands  around N e c t a r i s  
sugges t s  t h a t  the  bulk  of the  m a t e r i a l  i s  no t  r a d i c a l l y  d i f f e r e n t  from t h a t  
exposed i n  t h e  v i c i n i t y  of the  Apollo 16  s i t e .  The h igh land  rocks have abun- 
dan t  Fe-bearing p l a g i o c l a s e  f e l d s p a r  and Ca-poor pyroxene. General ly ,  
a n o r t h o s i t i c  n o r i t e s  and n o r i t i c  a n o r t h o s i t e s  appear t o  dominate the  region.  
However, unusual composit ions have been i d e n t i f i e d .  Bohnenberger F i s  a  f r e s h  
10  km impact c r a t e r  (14.70S, 39.60E) l o c a t e d  on a n  e longa ted  h igh land  mass i f  
(Bohnenberger e t a )  which i s  i n s i d e  the  Montes Pyrenaeus r i n g  of the  N e c t a r i s  
bas in .  The spectrum of Bohnenberger F e x h i b i t s  no wel l -def ined "lp" absorp- 
t i o n  f e a  u r e  a s  do o t h e r  f r e s h  highlands  c r a t e r s  which expose pyroxene-bearing i 
m a t e r i a l  . Continuum removal and band a n a l y s i s ,  however, r evea l  the  presence 
of a  shallow (3%) band cen te red  a t  approximately 1 . 2 ~ .  We a t t r i b u t e  t h i s  
band t o  p l a g i o c l a s e  f e l d s p a r .  Pyroxene can be p r e s e n t  i n  amounts l e s s  than  
4%. Hence, Bohnenberger F  appears  t o  have exposed a  d e p o s i t  of nearby pure 
a n o r t h o s i t e .  An even more unequivocal  example e x i s t s  on the  e a s t  w a l l  of Kant 
c r a t e r  (D=33 km). Kant (10.60S, 20.10 E) i s  l o c a t e d  on the  main N e c t a r i s  r i n g  
and i s  on the  e a s t e r n  p o r t i o n  of t h e  Kant p la teau .  The e a s t  w a l l  spectrum 
e x h i b i t s  a  shallow orthopyroxene a b s o r p t i o n  f e a t u r e  cen te red  a t  0 . 8 7 ~  and a  
well-defined f e l d s p a r  band cen te red  a t  1 . 2 7 ~ .  Based on t h e  l a b o r a t o r y  qpec- 
t r a  f o r  v a r i o u s  pyroxene-plagioclase mixtures  p resen ted  by Nash and Cone1 , we 
es t ima te  t h a t  the  pyroxene abundance i s  between 2  and 4%. We conclude t h a t  
a n o r t h o s i t e  d e p o s i t  was exposed by the  Kant impact event .  To the  b e s t  of our 
knowledge, t h i s  i s  t h e  f i r s t  r e p o r t  of the  d e t e c t i o n  of unshocked l u n a r  
a n o r t h o s i t e s  by s p e c t r a l  r e f l e c t a n c e  techniques .  However, t h e r e  have been 
r e c e n t  r e p o r t s  of shocked a n o r t h o s i t e s  i n  t v B 2 f ~ e r  Rook r i n g  of O r i e n t a l e  
b a s i n  and t h e  c e n t r a l  peaks of c e r t a i n  c r a t e r s  
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Andre and s t r a i n 8  r e c e n t l y  i d e n t i f i e d  a  maf i c  geochemical anomaly i n  t h e  
t e r r a  n o r t h  of N e c t a r i s .  The MgIA1 c o n c e n t r a t i o n  r a t i o s  a r e  on ly  21% l e s s  
t h a n  those  de t e rmined  f o r  mare s o i l  samples i n  c e n t r a l  F e c u n d i t a t i s .  These 
anomalous v a l u e s  a r e  g e n e r a l l y  a s s o c i a t e d  w i t h  a  hummocky u n i t  i t e r p r e t e d  a s  'b 
N e c t a r i s  b a s i n  e ' e c t a  o r  Imbrium secondary  e j e c t a  by W i l h e l m s .  However, '4 
Andre and S t r a i n  a t t r i b u t e d  t h e  geochemical anomaly t o  v o l c a n i c  r e s n r f  a c i n g  
of t h e  hummocky m a t e r i a l .  To f u r t h e r  i n v e s t i g a t e  t h i s  problem, t h r e e  s p e c t r a  
were o b t a i n e d  f o r  t h e  r eg ion .  One spectrum was c o l l e c t e d  f o r  t h e  approximate 
l o c a t i o n  of a  l o c a l  MgIA1 h i g h  wes t  of Gutenberg e t a .  lkro s p e c t r a  were 
o b t a i n e d  f o r  d a r k  p o r t i o n s  of t h e  hummocky u n i t  n o r t h  of t h e  Apol io  1 6  
groundt rack .  While t h e  t h r e e  s p e c t r a  a r e  somewhat d i f f e r e n t  from those  of t h e  
Apol lo  16 s i t e ,  p r e l i m i n a r y  a n a l y s e s  i n d i c a t e  t h a t  a l l  t h r e e  have s i m i l a r  
s p e c t r a l  pa rame te r s  and r e p r e s e n t  h i g h l a n d s  m a t e r i a l .  A l l  e x h i b i t  4-5% pyrox- 
ene bands c e n t e r e d  a t  0 . 9 2 - 0 . 9 3 ~  and continuum s l o p e s  of about  0 . 7 .  There  i s  
no evidence  f o r  t h e  presence  of any mare b a s a l t  o r  p y r o c l a s t i c  g l a s s .  A 
mature  n o r i t i c  h i g h l a n d s  composi t ion  i s  i n d i c a t e d .  These p r e l i m i n a r y  r e s u l t s  9  
s u p p o r t  t h e  b a s i n  e j e c t a  i n t e r p r e t a t i o n  of Wilhelms . More s p e c t r a  a r e  needed 
f o r  t h e  immediate a r e a  of t h e  geochemical anomaly i n  o r d e r  t o  f u l l y  r e s o l v e  
t h i s  q u e s t i o n .  
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