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A s e r i e s  of low albedo d e p o s i t s  of varying d i s t r i b u t i o n  and a r e a l  e x t e n t  
have been mapped on t h e  l u n a r  surface1. The d e p o s i t s  a r e  c h a r a c t e r i z e d  by 
t h e i r  low albedo r e l a t i v e  t o  o t h e r  l u n a r  geologic  u n i t s ,  t h e i r  post-Imbrium 
even t  b u t  p r e - l a t e s t  mare age,  t h e i r  concen t ra t ion  i n  and n e a r  upland a r e a s  
ad jacen t  t o  maria,  and t h e i r  apparent  smooth s u r f a c e  which g ives  t h e  appear- 
ance of mant l ing under lying topography. From e a s t  t o  west ,  t h e  major 
occurrences  of dark  mantle d e p o s i t s  inc lude  1 )  t h e  Taurus-Littrow reg ion  (SE 
edge of ~ e r e n i t a t i s ) 2 ;  2) t h e  S u l p i c i u s  Gal lus  reg ion  (SW edge of S e r e n i t a t i s ) ;  
3) Mare Vaporum reg ion  (p r imar i ly  t o  t h e  SE of Vaporum); 4)  R i m  Bode reg ion ;  
(uplands sou th  of R i m a  Bode; 5 )  Sinus Aestuum reg ion  ( sou theas t  of Sinus 
Aestuum) ; 6) Copernicus reg ion  (SE of  Copernicus) , s p a r s e l y  c r a t e r e d  a s p e c t  
c i t e d  a s  evidence of Copernican age1 bu t  t h i s  s tudy sugges t s  t h a t  t h e  a r e a  
is simply one of s e v e r a l  ray/secondary excluded reg ions  surrounding Copernicus; 
7) Alphonsus c r a t e r  f l o o r ;  s e v e r a l  s m a l l  dark  mantle patches a s s o c i a t e d  wi th  
l i n e a r  r i l l e s  and asymmetric c r a t e r s ;  upper bounds on age uncer ta in ;  8) Mare 
Humorum, (near  t h e  c r a t e r  Doppelmayer a t  SSW edge of Mare Humorum); r e l a t i o n  
t o  c e n t r a l  mare n o t  c l e a r ;  9 )  Aris ta rchus  p l a t e a u ;  ex tens ive  development on 
p l a t e a u  i n  n o r t h - c e n t r a l  Procel larum around ~ c h r o t e r ' s  Valley.  

A t  t h e  Apollo 17 l and ing  s i t e  (Taurus-Littrow a r e a )  t h e  major i ty  of s o i l s  
over ly ing  t h e  s u b f l o o r  b a s a l t s  a r e  composed of comminuted b a s a l t  fragments,  
a g g l u t i n a t e s ,  and 5 t o  20% of orange and b lack  spheres3.  Laboratory re-  
f l e c t a n c e  s p e c t r a  ob ta ined  f o r  components of t h e s e  s o i l s  i n d i c a t e  t h a t  i t  i s  
t h e  b l a c k  spheres  which most c l o s e l y  resemble t y p i c a l  t e l e s c o p i c  s p e c t r a  
f o r  t h e  L i t t r o w  dark mantle a r e a ,  and t h a t  t h e s e  a r e  somewhat d i f f e r e n t  than 
t h e  subf loor  b a s a l t  spec t ra4 .  These observa t ions  a r e  i n t e r p r e t e d  t o  mean 
t h a t  it  is t h e  admixture of dark  spheres  which is respons ib le  f o r  t h e  
c h a r a c t e r i s t i c  d a r k  mantle development and t h a t  wi thout  t h e  dark spheres ,  t h e  
subf loor  b a s a l t  would resemble t h e  Apollo 11 landing region.  The orange 
and b lack  d r o p l e t s  have been i n t e r p r e t e d  t o  have formed i n  l ava  foun ta ins  of 
low v i s c o s i t y  l u n a r  b a s a l t i c  magmas5 and it has  been shown t h a t  lunar  pyro- 
c l a s t i c  d e p o s i t s  should  appear  a s  a  smooth mantl ing m a t e r i a l  r a t h e r  than 
t y p i c a l  t e r r e s t r i a l  cones because of l u n a r  g r a v i t y  and l a c k  of atmospheric 
drag6. Age d a t e s  and chemical s i m i l a r i t i e s  suggest  t h a t  t h e  orange and 
b lack  d r o p l e t s  were p a r t  of t h e  same per iod of volcanism, about 3.63 b.y.  t o  
about 3.83 b. y. which produced t h e  subf loor  b a s a l t s 5 .  From cons idera t ion  
of t h e  samples and geology of t h e  Apollo 17 reg ion  i t  is concluded t h a t  t h e  
dark mantle component r e p r e s e n t s  a  p y r o c l a s t i c  phase of very e a r l y  Ti- r ich  
mare b a s a l t  f lood ing  a t  t h e  edge of t h e  S e r e n i t a t i s  bas in .  The background 
subf loor  b a s a l t  i s  very  s i m i l a r  t o  Apollo 11 type b a s a l t s .  Subsequently,  
subsidence occurred i n  t h e  S e r e n i t a t i s  bas in7  and a  younger, l e s s  Ti- r ich  
b a s a l t  was emplaced, embaying t h e  dark mantle depos i t s .  The genera l  l a c k  
of subsidence of e a r l y  mare d e p o s i t s  i n  Mare T r a n q u i l l i t a t i s  i n  p a r t  pre- 
cluded t h e i r  l a t e r  b u r i a l .  The subsidence of s e r e n i t a t i s '  was followed by 
major f lood ing  which b u r i e d  t h e  more ex tens ive  mare d e p o s i t s  which were 

0 Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



LUNAR DARX MANTLE DEPOSITS 

J. W. H e a d  

probably s i m i l a r  t o  Apollo 11 and 1 7  b a s a l t s  i n  composition. Thus t h e  e a r l y  
vo lcan ic  da rk  mant l ing d e p o s i t s  i n  t h e  uplands and v a l l e y s  a t  t h e  edge of t h e  
S e r e n i t a t i s  b a s i n  undoubtedly r e p r e s e n t  more widespread Ti-r ich  e a r l y  vol- 
c a n i c  d e p o s i t s  which have subsequent ly  been covered. Old upland dark 
mantl ing d e p o s i t s  i n  o t h e r  a r e a s  may t h e r e f o r e  be  i n d i c a t o r s  of t h e  d i s t r i -  
bu t ion  and composition of more e x t e n s i v e  e a r l y  mare volcanism. 

The d i s t r i b u t i o n  of dark  mant l ing m a t e r i a l  i n  uplands surrounding mare 
b a s i n s  has  always been an i n t r i g u i n g  c h a r a c t e r i s t i c  of t h e s e  d e p o s i t s  and h a s  
served t o  d i f f e r e n t i a t e  them from t h e  mare l a v a s  which t end  t o  pond i n  low 
a reas .  Although dark mantle is seen  i n  upland a r e a s  surrounding t h e  v a l l e y s  
a t  Taurus-Littrow, photographic 6,8 ,9  and spec t ra14  informat ion suggest  t h a t  
it  is  l e s s  e x t e n s i v e  and apparen t ly  t h i n n e r .  Considerat ion of l u n a r  pyro- 
c l a s t i c  processes  sugges t s  t h a t  t h e  t h i n n e r  upland mantle may no t  always re- 
p resen t  d i s c r e t e  sources  in t h e  uplands bu t  may i n s t e a d  o f t e n  be deposi ted 
from sources  i n  t h e  surrounding v a l l e y s .  T e r r e s t r i a l  l a v a  foun ta ins  ranging 
up t o  500m i n  h e i g h t  have been notedlo .  Ex t rapo la t ion  t o  l u n a r  cond i t ions6  
sugges t s  t h a t  l a v a  f o u n t a i n s  of comparable s i z e  l o c a t e d  i n  t h e  v a l l e y s  could 
e a s i l y  spread a veneer of da rk  mant l ing m a t e r i a l  over t h e  surrounding high- 
land massi fs .  Therefore ,  i t  i s  p o s s i b l e  t h a t  a smal l  number of s i g n i f i c a n t  
sources  a s s o c i a t e d  w i t h  t h e  ex t rus ion  of mare l a v a s  could as e a s i l y  be re-  
spons ib le  f o r  t h e  da rk  mantle a s  a l a r g e  number of sources  spread throughout 
t h e  ad jacen t  uplands. 

Features  a s s o c i a t e d  wi th  s e v e r a l  dark  mantl ing d e p o s i t s  suggest  t h a t  
they may represen t  major source  r e g i o n s  f o r  l u n a r  l avas .  The coincidence 
of S e r e n i t a t i s  and Imbrium r a d i a l s  and l u n a r  g r i d  d i r e c t i o n s  i n  t h e  Taurus- 
L i t t r o w  a r e a ,  and i t s  s t r u c t u r a l  s i g n i f i c a n c e  has  been noted7. Associa ted 
deep f r a c t u r e s  may have l o c a l i z e d  e a r l y  l a v a  ex t rus ion .  S i m i l a r l y ,  f r a c t u r e s  
and r i l l e s  i n  t h e  R i m a  Bode a r e a  and major sinuous r i l l e s  i n  t h e  
Ar i s ta rchus  P l a t e a u  suggest  t h a t  many dark mantle d e p o s i t s  r e p r e s e n t  pyro- 
c l a s t i c  l a v a  foun ta in  depos i t ion  a s s o c i a t e d  wi th  major source  a r e a s  of l u n a r  
l a v a s  . 

Lunar dark mantle d e p o s i t s  show v a r i a t i o n s  i n  terms of t h e i r  s p e c t r a l  
r e f l e c t i v i t y  and r a d a r  b a c k s c a t t e r  c h a r a c t e r i s  t ics l1 .  I n  p a r t i c u l a r ,  most 
of t h e  e a s t e r n  dark mantle d e p o s i t s  show s p e c t r a l  and r a d a r  c h a r a c t e r i s t i c s  
s i m i l a r  t o  those  a t  t h e  Apollo 17  s i t e l l .  However, western dark mantle 
d e p o s i t s  a r e  r e l a t i v e l y  redder  (Ar i s ta rchus  P la teau  12,13, ~ l ~ h o n s u s ~ ~ , ~ ~ ,  
and ~ o ~ ~ e l m a ~ e r ~ ~ ) .  

The lunar  dark mantle d e p o s i t s  d iscussed h e r e  a r e  be l i eved  t o  represen t  
p y r o c l a s t i c  f i r e  foun ta in  d e p o s i t s  l o c a l i z e d  around source  reg ions  ( f r a c t u r e s ,  
s inuous  r i l l e s )  f o r  e a r l y  mare l avas .  I n  t h e  e q u a t o r i a l  b e l t  from Coperni- 
cus e a s t  t o  Taurus-Littrow t h e  dark mantle depos i t s  g e n e r a l l y  s h a r e  t h e  
c h a r a c t e r i s t i c s  of e a r l y  Ti- r ich  l a v a s  of t h e  T r a n q u i l l i t y  typel1 , l5  bu t  
a r e  embayed by l a t e r  "redder" mare of t h e  S e r e n i t a t i s  type. Based on t h e  
r e l a t i o n s h i p s  desc r ibed  above t h e s e  dark mantle d e p o s i t s  a r e  be l i eved  t o  b e  
i n d i c a t o r s  of t h e  presence o f  more ex tens ive  Ti- r ich  e a r l y  mare d e p o s i t s  
underlying t h e  s u r f a c e  of Mare S e r e n i t a t i s ,  Mare Vaporum, and Sinus Aestuum. 
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The w e s t e r n  d a r k  m a n t l e  d e p o s i t s ,  i n  p a r t i c u l a r  t h e  A r i s t a r c h u s  P l a t e a u ,  a r e  
i n t e r p r e t e d  t o  b e  p y r o c l a s t i c  s o u r c e  r e g i o n s  f o r  t h e  e a r l y  " redder"  w e s t e r n  
mare d e p o s i t i o n .  
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