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W e  have r e c e n t l y  discussed a model f o r  t h e  formation of f i n e  gra ined Fe 
metal  i n  g l a s s  welded aggregates  dur ing micrometeor i te  impacts i n t o  t h e  s o l a r  
wind reduced s u r f a c e  of t h e  r e g o l i t h  (1 ,2) .  Here we w i l l ,  1 )  e l a b o r a t e  on 
t h e  reduc t ion  mechanism, 2) p r e s e n t  new d a t a  on Apollo 17 samples and d i s c u s s  
i t s  i n t e r p r e t a t i o n  i n  terms of t h e  model, and 3) d i s c u s s  i n  terms of t h e  model 
how magnetic measurements can b e  used t o  s tudy r e g o l i t h  dynamics and t o  d e f i n e  
and i n t e r p r e t  l u n a r  s t r a t i g r a p h y .  

The p r e s e n t  i n t e n s i t y  of t h e  s o l a r  wind is s u f f i c i e n t  t o  s a t u r a t e  mineral  
g r a i n s  exposed on t h e  r e g o l i t h  s u r f a c e  wi th  H i n  a t  most a few years .  We have 
a l ready  d i scussed  d a t a  i n d i c a t i n g  t h a t  a t  least i n i t i a l l y  a s u b s t a n t i a l  f r a c -  
t i o n  of t h e  escaping H w i l l  l e a v e  a s  H20, b r ing ing  wi th  i t  0 atoms from t h e  
r e g o l i t h  (1).  I n  t h e  l u n a r  atmosphere a l a r g e  f r a c t i o n  of t h i s  H20 w i l l  be  
photoionized (3) w i t h i n  a few months and more than  h a l f  of t h a t  w i l l  be  swept 
o f f  t h e  moon by t h e  s o l a r  wind whi le  less than h a l f  w i l l  be reimplanted i n t o  
t h e  s u r f a c e  (4 ) .  Therefore  w i t h i n  a few y e a r s  a l a y e r  about 1000A t h i c k  on 
t h e  o u t e r  s u r f a c e  of g r a i n s  exposed on t h e  top of t h e  l u n a r  r e g o l i t h  w i l l  be  
reduced t o  t h e  p o i n t  where t h e  cont inuing inward and outward f l u x  of H can no 
longer  remove 0. Since  t h e  gardening r a t e  due t o  micrometeorite impacts i s  
slow on t h i s  t ime s c a l e ,  e s s e n t i a l l y  every g r a i n  which has  been exposed w i l l  
have o u t e r  s u r f a c e s  a s  f u l l y  reduced as p o s s i b l e  by t h i s  process .  

A s  a c o r o l l a r y  t o  t h e  above, e s s e n t i a l l y  every micrometeorite w i l l  impact 
f u l l y  reduced s u r f a c e  m a t e r i a l  and hence i f  Fe con ta in ing  g r a i n s  a r e  mel ted,  
t h e  g l a s s  formed w i l l  be  expected t o  c o n t a i n  f i n e  gra ined Fe metal .  W e  thus  
s e e  t h a t  f i n e  g ra ined  ferromagnet ic  metal  (about 0.01-25 vm i n  diameter)  
determined by MBssbauer spectroscopy o r  (about 0.01-1 um i n  diameter)  de te r -  
mined by ferromagnet ic  resonance and reduced but  i s o l a t e d  Feo atoms determined 
by t h e  Miissbauer excess  a r e a  a r e  both  expected t o  measure t h e  "surface  expo- 
s u r e  age" of f i n e s  samples i n  t h e  same sense  as do g l a s s  welded aggregate  con- 
t e n t s ,  s o l a r  wind rare gas and carbon con ten t s ,  and f r a c t i o n  of g r a i n s  wi th  
amorphous coa t ings  o r  s o l a r  f l a r e  t r a c k s .  

A l l  our b e s t  Miissbauer d a t a  on Apollo f i n e s  inc lud ing  remeasurements on 
o l d  samples and our Apollo 17 r e s u l t s  a r e  presented i n  Table I. The u n i v e r s a l  
i n v e r s e  c o r r e l a t i o n  of excess  a r e a  wi th  s i z e  f r a c t i o n  is  maintained.  The 
i n c r e a s e  i n  excess  a r e a  i n  t h e  more magnetic f r a c t i o n s  i s  e a s i l y  understood 
s i n c e  a l l  g l a s s  welded aggregates  a r e  c e r t a i n  t o  have been on t h e  very s u r f a c e  
a t  some time. Choosing f o r  uniformity  t h e  <45 pm f r a c t i o n ,  t h e  ferromagnetic 
metal  con ten t  and excess  a r e a  divided by t o t a l  Fe content  i n  most cases  
c o r r e l a t e  w e l l  w i th  o t h e r  measures of exposure age. 

The f r a c t i o n  of t h e  t o t a l  Fe i n  a f i n e s  sample i n  s u r f a c e  l a y e r s  poten- 
t i a l l y  a c c e s s i b l e  f o r  s o l a r  wind reduc t ion  i s  roughly t h e  s p e c i f i c  s u r f a c e  
a r e a  x th ickness  x dens i ty .  Taking r e s p e c t i v e l y  0.33 m 2 I g ,  1000a, and 3 g/cm3 
g ives  0 .1  f o r  t h i s  f r a c t i o n .  Since  t h e  a c t u a l  f r a c t i o n s  of Fe reduced i n  
d i f f e r e n t  samples (Table I, column 7)  a r e  n o t  s m a l l  compared t o  t h i s  f r a c t i o n ,  
i t  seems l i k e l y  t h a t  n e a r l y  a l l  t h e  Fe has  been reduced i n  t h e  s u r f a c e s  which 
were a c t u a l l y  exposed t o  t h e  s o l a r  wind. This i n  t u r n  sugges t s  t h e  p o s s i b i l -  
i t y  t h a t  o t h e r  c a t i o n s  such a s  T i  and S i  may a l s o  have been reduced. 
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Tab le  I. Zero v a l e n t  Fe  c o n t e n t  i n  Apol lo  f i n e s  samples 
de termined by Mijssbauer spec t roscopy .  
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Excess area 
t o t a l  Fe 

.025 

.052 
,043  
.044 
,040 
.065 
.039 
.023 

- 
,030 
. I 3 7  
,079 

- 
,075  
,043  
,016 
.034 
.040 
.071  
.044 
,017 
- 

.064 
,046 
.026 

- 
- 

,016  
.025 
,065 
,045 
.022 
.019 
.030 
.010 
.007 
.046 
, 0 2 1  
.051 
.029 

-.006 
.026 

T o t a l  Fe 
wt .  % 

7.517 + .047 
6.717 + ,048 
6.409 + .033 
4.824 + ,036 
6.505 t ,037 
3.021 + ,038 
2.532 + .023 
3.141 + .031  

- 
2.387 + , 021  
2.668 + .032 
3.223 + ,038 
2.867 S .029 
2.968 i ,040 
3.069 + .032 
3.248 + ,030 
1.567 + .026 
2.629 + .029 
3.190 ? .043 
2.792 i ,020 
3.189 + , 0 4 1  

- 
1.927 + ,008 
2,450 + .038 
2.111 + ,022 

- 
- 

2.007 + ,024 
2.226 + ,015 
2.924 + ,032 
6.839 + .047 
6.776 + .041 
6.209 + , 041  
9.302 + .044 
8.706 + .045 
8.130 + .055 
7.683 + .048 
8.671 + .059 
3.383 + .030 
4.913 + ,038 

10.471 + .076 
8.076 + .055 

Ferromagnet ic  
metal wt .  % 

,398 a , 033  
,401  + .033 
.338 + .023 
. I87  + ,025  
. I 9 6  + ,026 
. I86  t .026 
,170 5 .016 
.079 + .022 

- 
. I 6 1  + .015 
,298 + .022 
,242 + .027 
.231 + ,020 
.317 f .028 
. I 7 4  + .022 
.048 + .021  
,021  k .018 
. I77  + .020 
,265 + .030 
. I96  + .014 
.010 + ,029 

- 
,057 + .027 
. I 0 0  + ,026 
. l o 0  + ,015 

- 
- 

. I 47  + .017 

.047*+ .015 
,219 + .022 
.336 + .033 
.231 + .028 
,220 + .028 
.411 + . 031  
. I 9 8  t . 031  
,143  + .039 
.389 + .034 
,380 + .041  
,176 + , 0 2 1  
. I 9 4  + ,026 
,176 + , 053  
,343 + ,039 

Excess area as 
wt.  % Fe metal 

. I84  + ,006 

.352 + ,017 

.277 + .016 

.212 + .006 
,259 + ,008 
. I96  + .007 
.098 + .003 
.072 + ,004 
.057 + ,005  
.071 + ,003  
.365 + ,005 
,254 + ,007 

- 
.223 + ,009 
,133 + .006 
.053 + .005 
.054 i ,004 
,104 + ,004 
.226 + ,006  
. I 2 3  i .004 
.054 + .005 
. 0 4 1 +  .004 
. I 2 3  + ,006  
.114 F ,005  
.055 + .004 
.054 + ,006 
,029 + ,004 
.033 + .006 
-056 + .004 
,190 + .004 
.310 + .006 
. I47  t .007 
. I19  + .008 
,275 + .008 
.087' + .008 
.057 + ,009 
.351 + ,007 
. I78  + ,006 
. I 7 1  + .003 
,144 + .007 

-.067 + .009 
,214 + ,009 

Sample 

12042,38 
14003,22 
14163,52 
15101,92 
15301,85 
61281,8 

65 701,13 

66031,6 

67701,26 

Crushed 

S i z e  
pm 

<45 
<45 
<45 
<45 
<45 
<45 

45-75 
45-75 
45-75 
75-150 

<20 
<45 

45-75 
45-75 
45-75 
45-75 
45-75 
75-150 

<45 
45-75 
45-75 
45-75 

<20 
<45 

45-75 
45-75 
45-75 
75-150 
75-150 

Magnet ic  
f r a c t i o n  

rnag>1.0 
magG1.0 

mag>4.0 
mag>2.0 
m a g 2 1 . 0  
magG1.0 

mag>l.O 
m a g G l . 0  

mag>l.O 
magG1.0 

t o  <45 
68501,32 
70051,26 

71501,21 

7 2 1 4 1 , l l  

72501,53 

74220,107 
75081,26 

<45 
<45 

45-75 
75-150 

<45 
45-75 
75-150 

<45 
45-75 

<45 
45-75 

<45 
<45 
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Table I. (Continued) 

*Equivalent of .48% Fe metal  removed a s  f l a k e s  too l a r g e  t o  pass  through s i e v e .  

The t o t a l  Fe c o n t e n t s  i n  Table I determined from t h e  t o t a l  a r e a  i n  t h e  
MBssbauer s p e c t r a  a r e  of r e l a t i v e  s i g n i f i c a n c e  only.  The unknown f f a c t o r s  
f o r  a l l  t h e  minerals  have been assumed t o  be 0.80, which i s  t h e  c o r r e c t  va lue  
f o r  Fe metal .  I n  a d d i t i o n  s a t u r a t i o n  c o r r e c t i o n s  which should be  app l ied  
could raise some of t h e  va lues  a s  much a s  10%. Even wi th  t h e s e  shortcomings 
we b e l i e v e  t h e  va lues  l i s t e d  provide a v a l i d  comparison between samples, a 
comparison which would n o t  o therwise  be  p o s s i b l e  f o r  our s i z e  and magnetic 
s e p a r a t e s .  They a l s o  provide t h e  b e s t  p o s s i b l e  normal izat ion f o r  our excess  
a r e a  va lues  s i n c e  they were determined us ing  t h e  same procedures.  

The s i n g l e  magnetic domain metal  g r a i n s  produced i n  l u n a r  f i n e s  by sur -  
f ace  exposure magnetize e a s i l y  i n  small app l ied  f i e l d s  (5 ) .  This  makes t h e  
low f i e l d  magnet izat ion of s u r f a c e  f i n e s  a l s o  a reasonable  measure of s u r f a c e  
exposure age.  W e  have designed, cons t ruc ted  and t e s t e d  a simple,  p o r t a b l e  
apparatus  f o r  measuring t h i s  exposure age p r o f i l e  wi th  high s e n s i t i v i t y  and 
r e s o l u t i o n  i n  i n t a c t  core  and d r i v e  tube samples. I f  LSAPT permi t s ,  r e s u l t s  
w i l l  be  presented and d i scussed  i n  terms of r e g o l i t h  dynamics. 
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