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BACKGROUND We are studying the regol i t h  breccia s u i t e  from Apol l o  15 and 16 using 
several types o f  ana ly t ica l  techniques, inc luding modal analyses o f  breccla t h i n  sections, SEM 
surveys o f  breccia matrices, e lectron probe analysis o f  mineral and glass phases, ra re  gas 
analysis o f  bulk samples, 3nd ferromagnetic resonance (FW) analysis o f  bulk samples. We are 
disaggregating some o f  the breccias and analyzing gra in  s ize  separates (1 1. In  add i t ion  R. 

Korotev of Washington Univ., S t .  Louis, I s  doing neutron ac t i va t i on  analyses o f  the  same breccias 

(2, 3). Our ob jec t ives  include comparing the regol i t h  breccias t o  the sol  I s  a t  both s i tes ,  
determining whether the  breccia forming event has modif ied the propert ies o f  the r e g o l i t h  from 

whlch they were made, and searching fo r  samples o f  ancient r e g o l i t h  which may contain information 

on the  ea r l y  h i s t o r y  o f  the Moon, the sun, and the  meteorite environment. 
REGOLITH BRECCIA MATURITY We have analyzed near ly a l l  o f  the r e g o l i t h  breccias (>lcm) 

from the Apollo 15 and 16 s i tes .  A l l  o f  the  47 breccias analyzed contain measureable amounts o f  

implanted, solar-wind gases, and detectable amounts o f  magnetic, f ine-grained i ron  represented by 
the iron-normal ized parameter, Is/FeO (Fig. 1). Samples analyzed were from in te r  i o r  chips so t h a t  
the solar-wind gases and f ine-grained i ron  r e f l e c t  a lunar surface exposure h i s to ry  o f  the breccla 
mater ia l  p r i o r  t o  i t s  incorporation i n t o  a breccla. The presence o f  solar gases and magnetic i ron  
indicates t h a t  a l l  breccias contain some lunar s o i l  component, confirming the previous 

l den t i f l ca t i on  o f  these breccias as r e g o l i t h  breccias based on petrographical ly  recognizable s o i l  
components such as glass spheres or  agglutinates. We had noted previously t h a t  the  Apollo 15 
r e g o l i t h  breccias and espec ia l l y  the Apol lo 16 r e g o l i t h  breccias are immature compared t o  most 
s o i l s  ( 4 ) .  Our nnew data even more s t r i k i n g l y  make t h a t  point. Flgure 1 shows the  Is/FeO FM3 

index p lo t t ed  against  the 3 6 ~ r  fo r  Apol l o  15 and 16 breccias. Many o f  the breccias, malnl y  from 
Apollo 16, have is/FeO values <1 which I s  lower than v i r t u a l l y  a l l  s o i l s  i n  t he  Apollo co l l ec t i on  
(5). The 3 6 ~ r  content o f  these breccias i s  more than two orders o f  magnitude lower than t yp i ca l  
so i ls .  Values o f  Is/FeO and solar  gas contents f o r  most Apollo 16 breccias are considerably 
smaller than both the Apollo 15 breccias and t yp i ca l  Apollo 16 so i ls ,  and indicate t h a t  many, bu t  
not  a l l ,  Apollo 16 breccias contain no more than a few percent o f  a t yp i ca l  Apollo 16 so i l .  Values 

o f  Is/FeO for  a l l  Apollo 15 breccias are i n  the  same range as immature and submature so i ls ,  t h e i r  
solar gas contents are general ly  t yp i ca l  o f  Apollo 15 so i ls ,  and we conclude t h a t  most Apollo 15 

breccias contain a sizeable component t h a t  resembles Apol l o  15 so l  I. Agglutinate contents f o r  
these breccias co r re la te  roughly w i th  Is/FeO, although agglut inate contents are general ly  lower 
f o r  a given value o f  Is/FeO compared t o  so l  Is. However, some breccias, p a r t i c u l a r l y  the more 
compact ones, have few i f  any i d e n t i f i a b l e  agglut inates ye t  contain appreciable Is/FeO and 36~r.  
Examples include 15295, 15505, and 60255, a l l  o f  which have compact textures. We conclude t h a t  
agglut inates become modif ied dur ing the  breccia forming event, and become progressively more 
difficult t o  I d e n t i f y  I n  more compact brecclas. 

2 1 
APOLLO 16 BRECCl AS Fig. 2 i s  a p l o t  o f  Is/FeO against  measured 2 2 ~ e /  Ne f o r  Apol l o  16 

breccias and a few submature t o  immature Apollo 1 q2mi 1s. Is/FeO increases w i th  surface 

i r rad ia t i on  o f  d isseninated mater ia l  , whereas 21Ne/ Ne increases due t o  i r r ad  i a t i on  by cosmic 

rays i n  the  uppermost 1 meter o r  so o f  the  rego l i th .  One f r i a b l e  breccia, 63507, f a l l s  i n  the  
area o f  most so i l s ,  suggesting t h a t  it p r imar i l y  r e  resents indurated s o i l l  t yp i ca l  o f  the Apol l o  

31 22 
16 s i te .  Nine breccias w i th  Is/FeO < I  c l us te r  a t  Ne/ Ne o f  about 0.032, which i s  about the 

value o f  trapped so lar  Ne i n  Apollo 16 so i l s ,  and apparently have received only minor amounts o f  
cosmic ray  i r r a d i a t i o n  Three add i t iona l  breccias, 63595, 63588, and 65095, have Is/FeO <1 but  

22' 
show increased 21Ne/ Ne ( p a r t i c u l a r l y  65095). We conclude t h a t  these 12 Apol l o  16 breccias were 

produced from f ine-grained mater ia l  which had l i t t l e ,  i f  any, surface i r rad ia t i on  and t h a t  only 
three o f  these 12 breccias were s i g n i f i c a n t l y  i r rad ia ted by cosmic rays, probably a f t e r  
compaction. The other breccias are not  on a simple mixing l i n e  between unir radiated mater ia l  and 

submature sol  Is. They do appear t o  be on a mixing l ine w i th  the  unusual soi  i 61 121. These 
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breccias could, however, be made o f  mixtures o f  unir radiated mater ia l  and t yp i ca l  submature s o i i s  
which were i r r ad ia ted  a f t e r  breccia formation causing them t o  move f o  the  r i g h t  i n  Fig. 2., i n  

which case the  apparent inearw trend i n  Fig. 2 i s  for tu i tous.  A l t e rna t i ve l y  they could a lso  be 
mixtures o f  un l r rad ia ted mater ia l  submature so i is ,  and a h igh l y  i r r ad ia ted  mater ia l  l i k e  65095. 

3d Determinations o f  trapped 40~r /  Ar I n  breccia s i ze  separates ( i n  progress) may permit us t o  
narrow these options. 

APOLLO 15 BRECClAS The larger solar  gas contents o f  Apol lo 15 b e c c i a s  makes 
ident i  f i c a t  ion o f  cosmic-produced Ne more d i f f i cu l  t, but  I d e n t l f  i c a t  ion o f  trapped 40~r /36~r  

36 easier. Trapped 40~r /  Ar i s  be1 ieved t o  have decreased s i g n i f  i c a n t i y  over lunar h is tory ,  and 
could be a measure o f  the  t ime o f  i r r a d i a t i o n  and compaction. A f te r  applying an estimated 

36 cor rec t ion  f o r  radiogenic 40Ar, trapped 4 0 ~ r /  A r  ranged frm 0.55 t o  4.9 and tended t o  group 
according t o  t h e  lunar s i t e  o f  each breccia. The f i v e  s ta t l on  7 t recc ias  show r a t i o s  >3 and 
the  breccia w i th  the  highest r a t i o  a lso  shows considerably higher F (2) Trapped 4%r;3bAr i n  
breccias from the  mature regol l t h  a t  s ta t l on  8 are a1 l <I. Trappedeg0Ar/16Ar I n  a breccia from 
deeper r e g o l i t h  a t  s ta t i on  9 i s  < I ,  bu t  these r a t i o s  are about 1.4-2.3 I n  three breccias from 
s ta t i on  9A where the  r e g o l i t h  i s  th in,  r a p i d l y  eroding, and uncovering less mature and previously 
i r rad ia ted mater ia l  (6). 
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