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The p o s s i b i l i t y  of s u r f a c e  d e p o s i t s  of v o l a t i l e  elements on l u n a r  
samples produced by impact, and conceivably  vo lcan ic  events ,  has  mot ivated us 
t o  s tudy t h e  d i s t r i b u t i o n  of F i n  t h e  o u t e r  micron of lunar  samples. I n  t h i s  
r egard  the  h igh (- 2500 ppm) s u r f a c e  F concen t ra t ions  r e p o r t e d  by the  -- i n - s i t u  
Surveyor V I I  a n a l  s i s  (1 )  a r e  of p a r t i c u l a r  i n t e r e s t .  We have used t h e  

16 nuc lea r  r e a c t i o n  f9F(p,  4.) 0, f o r  which t h e  y i e l d  of y-rays  a s  a f u n c t i o n  of 
beam energy can be d i r e c t l y  conver ted  t o  F concen t ra t ion  v s .  depth  w i t h  a 
r e s o l u t i o n  of 0.05 pm. Previously ,  we r e p o r t e d  F s u r f a c e  concen t ra t ions  (up 
t o  2000 ppm) on s e v e r a l  Apollo 16 samples which were much l a r g e r  than  those  
of bu lk  ana lyses  of rocks  (< 50 ppm) o r  s o i l s  (50-100 ppm) ( 2 ) .  The c r i t i c a l  
ques t ion,  which we were unable t o  answer previously,  was t h e  l e v e l  of F con- 
tamination.  This i s  of p a r t i c u l a r  concern because F- r i ch  m a t e r i a l s  ( ~ e f l o n ,  
Freon, e t c . )  have been used e x t e n s i v e l y  both  i n  t h e  miss ion and post -miss ion 
handl ing of lunar  samples. Our r e c e n t  work has  i n d i c a t e d  t h a t  F contamina- 
t i o n  i s  p resen t  -making t h e  s tudy  of l u n a r  s u r f a c e  F v e r y  d i f f i c u l t .  

There a r e  two f e a t u r e s  of our  d a t a  which a r e  no t  e a s i l y  expla ined by 
contamination:  (A) High F concen t ra t ions  a r e  observed even a t  depths  of 1 ym. 
This i s  i l l u s t r a t e d  i n  Fig. 1 f o r  t h e  case  of 66044,8, a c r y s t a l l i n e  anortho- 
s i t e  4-10 mm coarse - f ine  p a r t i c l e  which has  the  h i g h e s t  surface-averaged F 
c o n t e n t  we have measured. The F concen t ra t ions  a r e  h igh on two s u r f a c e s  and 
uniform a t  depths  from 0.2 t o  a t  l e a s t  1 pm. Table 1 i n d i c a t e s  t h e  range of 
F con ten t s  i n  t h e  depth  i n t e r v a l s  0-0.5 and 0.5-1.0 pm f o r  some of the  samples 
we have s tudied.  Our exper ience  i n  H depth  s t u d i e s  has shown t h e  contamina- 
t i o n  i s  u s u a l l y  manifes ted  a s  a s u r f a c e  f i l m  which i s  l e s s  than - 0 . 1  pm 
th ick .  Previously,  we had observed r e l a t i v e l y  sha rp  peaks i n  t h e  F d i s t r i b u -  
t i o n s  which were a t  apparen t  depths  down t o  - 0.2  pm. E l e c t r o s t a t i c  charging 
of t h e  sample s u r f a c e s  which produces beam d e c e l e r a t i o n  and a s h i f t  i n  the  
depth  s c a l e  was a p o s s i b l e  exp lana t ion  f o r  these  r e s u l t s  and t h i s  has  been 
confirmed by subsequent s t u d i e s .  We now c o r r e c t  f o r  s u r f a c e  charging by mea- 
s u r i n g  the  s h i f t  i n  t h e  21~l (p ,  y ) 2 8 ~ i  resonance a t  0.992 MeV, assuming t h a t  
t h e  A 1  con ten t  i s  r e l a t i v e l y  uniform w i t h  depth. The range of s u r f a c e  poten- 
t i a l s  observed, 2-14 kV, i n d i c a t e  t h a t  a l l  t h e  observed peaks a r e  a c t u a l l y  on 
t h e  su r face ,  c o n s i s t e n t  w i t h  contamination.  ( B )  F con ten t s  a r e  always much 
h igher  on t h e  l u n a r  e x t e r i o r  s u r f a c e  of rock ch ips  than on t h e  i n t e r i o r  su r -  
face .  The samples s t u d i e d  t o  d a t e  were a l l o c a t e d  p r imar i ly  f o r  t h e  purpose 
of H s tud ies ;  i n  o r d e r  t o  provide a dry  N2 atmosphere and t o  p r o t e c t  a g a i n s t  
s u r f a c e  abras ion  dur ing  shipping,  t h e  samples were sea led  i n  Teflon bags. 
The i n t e r i o r  s u r f a c e s  produced by chipping i n  Houston provide a c o n t r o l  on F 
contamination from t h e  packaging process.  However, a l l  rocks  r e t u r n e d  on 
Apollos 15-17 were conta ined i n  f luorocarbon bags c leaned i n  Freon, which 
could provide a d d i t i o n a l  F contaminat ion on lunar  e x t e r i o r  su r faces .  

I n  o rde r  t o  measure t h e  contaminat ion due t o  Teflon packaging, we 
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cleaned and baked quartz glass discs and found, after this procedure, a fluo- 
rine level of < 20 ppm. Two of these discs were transported to the curato- 
rial facility where they were heat sealed in Teflon bags in the same way as 
lunar samples. Subsequent measurements showed a surface fluorine peak ( -  200 
ppm) which at a depth of 1 micron had not yet reached zero (< 20 P P ~ )  concen- 
tration ( ~ i ~ .  2). The discs which remained here as controls had < 20 ppm 
fluorine as before. Figure 2 shows that readily measurable amounts of F were 
produced either by the heat sealing or by abrasion; however, the amounts are 
much lower (by a factor of 5-10) than on lunar exterior surfaces. Conceiv- 
ably, the rough surface of a rock is much more susceptible to contamination 
than the discs. However, the lunar interior samples packaged in Teflon tend 
to show concentrations no higher than those found on the discs. It is also 
clear from Fig. 2 that contamination is present to depths as great as 1 pm, 
implying that the high F at this depth in lunar samples (item A) could also 
be contamination. 

If the surface F contents represent contamination from the mission pack- 
aging materials, it is somewhat surprising that the most contaminated sample 
should be a coarse-fine fragment, because 66044,8 was transported to earth as 
part of a soil sample and statistically, should have been protected. To 
check that 66044,8 was not an anomolously F-rich lunar rock it was cleaved in 
half in our laboratory and F measured on the interior surface. As shown in 
Fig. 1, the average F content at 0.5-1.0 pm is 5 40 ppm, consistent with 
bulk F measurements (2). 

Although we have not ruled out a lunar origin for the surface F, we now 
have experimental evidence that the original arguments against contamination 
may not be valid. It may be that no lunar sample is sufficiently uncontami- 
nated for the purposes of our experiment and perhaps other surface property 
experiments (like carbon) as well. The only possibility would be samples 
from surface indentations, e. g. vesicles, which have been protected from 
abrasion. 
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TABLE 1 

Sample Surface-averaged F  Content (ppm) Sur face  Peak 
0-0.5 pm 0.5-1.0 pm p o s i t i o n  (pm)  FWHM (pm) 

65315,6 1000 480 
65315,6 i n t e r i o r  100 50 
68124,3-A 4 10 50 
68124,3-B 850 120 
66044,8-A 820 540 
66044,8-B 1900 1400 
66044,8 i n t e r i o r  75 4 0  
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' i g .  1: F luor ine  c o n c e n t r a t i o n  v e r s u s  Fig .  2: F luor ine  c o n c e n t r a t i o n  v e r s u s  
depth  f o r  sample 66044,8. depth  f o r  quar tz  g l a s s  d i s c s :  
Surfaces  A and B were e x t e r i o r  s o l i d  p o i n t s  corresponds t o  
surfaces ;  t h e  i n t e r i o r  s u r f a c e  one t h a t  was packaged i n  Tef- 
was exposed by our c l ean ing  the  l o n  a t  LRL; open p o i n t s  t o  an 
sample. i n d e n t i c a l  d i s c  t h a t  served 

a s  a  c o n t r o l .  

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


