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Orange glass from subsurface samples 74220 and 74261 - The possibility 
that the bright orange material at station 4 represented recent lunar vol- 
canism drew widespread interest to this sample. We have measured particle 
track densities, diameter distributions and annealing behavior as well as 
uranium concentration in the orange glass. 

The major particle track features of the glass are: (1) In 74220 the 
total measured track density in individual spheres ranges between 1.5~10~ and 
lo8 (median 5x10~) for 16 spheres. For 15 spheres from 74261 the range is 
2.2~10~ to 1.3~10~ (median 4.5~10~). (2) Roughly 10% of the spheres in each 
sample have track density gradients indicative of unshielded exposure on the 
lunar surface. (3) For fixed etching conditions, the measured track diameter 
distributions in individual spheres- vary depending upon track density. 
Spheres with low track densities ((1-3)x105 ~m'~) have the largest track 
diameters (see Fig. 1). (4) Annealing experiments show that iron nuclei 
tracks are partially erased by heating at 200°c for 1 hour, and that fission 
tracks (both spontaneous and induced) are completely erased by heating at 
450°c for 1 hour. These conclusions were drawn from measured track density 
distributions for groups of spheres heated at various temperatures between 
150 and 500'~ for 1 hour. Relative to the distribution for unheated spheres, 
samples heated at 150 and 200' show a progressive shift toward lower track 
densities (fading of cosmic ray Fe tracks); between 200 and 300' the distri- 
bution is relatively stable (mostly unaffected fission tracks) while at 350° 
and ebove another progressive shift toward lower track densities is noted 
(fading of fission tracks). No natural tracks remain after 1 hour at 450'~ ; 
neutron-induced fission tracks also anneal under these conditions. (5) The 
uranium concentration in the glass, measured by counting induced fission 
tracks in an adjacent mica detector, is quite homogeneous with an area- 
weighted average (15 spheres) of 155 ppb for 74220 and 159 ppb (15 spheres) 
for 74261. 

From the above the following conclusions can be drawn. The diameter 
distributions and annealing data indicate that most (50-100%) tracks in 
spheres with densities of (1-3)x105 tracks ~m'~ are fission tracks. This is 
also borne out by the fact that neutron-induced fission tracks in the same 
spheres have a diameter distribution similar to (but on the average -10% 
larger than) the natural tracks. This slight size difference may indicate 
minor annealing (up to -20% based on typical calibration curves (1)) of the 
spontaneous fission tracks at lunar surface temperatures. The expected 
fission track density for 0.16 ppm uranium and an age of 3.7~10~ y (2) is 
2x10' tracks/cm2, taking into account the experimentally determined etching 
efficiency of 0.6. A 20% annealing correction would reduce this to 1.6~10~. 
Thus, contrary to some other interpretations (3) we believe the fission track 
record in the orange spheres to be compatible with the 4 0 ~ r - 3 9 ~ r  age. 

Soil 74220 was collected from a distinct layer extending from approxi- 
mately 5 to 7.5 cm below the lunar surface. Soil 74261 was collected from 
the gray soil zone at the end of the same trench. Both samples may include 
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m a t e r i a l  from t h e  over ly ing  s u r f a c e  s o i l ;  i n  f a c t  t h i s  is t h e  probable  source  
f o r  t h e  -10% of s o l a r  f l a r e  i r r a d i a t e d  orange g l a s s  i n  each sample. Since  
t h e  s o i l  i s  w e l l  s t r a t i f i e d  wi th  d i s t i n c t  upper and lower boundaries,  i t  has  
probably never  been v igorous ly  mixed. Using t h e  median t r a c k  d e n s i t y ,  t h e  
i n - s i t u  g a l a c t i c  cosmic ray  exposure age  i s  2 . 5 ~ 1 0 ~  y r s  f o r  s o i l  74220. (A 
c o r r e c t i o n  of 2 x l 0 ~ / c m *  has been sub t rac ted  from t h e  median d e n s i t y  given 
above i n  view of t h e  f i s s i o n  t r a c k  c o n t r i b u t i o n . )  Because of t h e  much longer  
(-30 My) Ne exposure age (4) t h e  orange g l a s s  must have been w i t h i n  -1 m of 
t h e  l u n a r  s u r f a c e  but  below -15 cm f o r  -30 My a t  some time i n  i t s  h i s t o r y ,  
and a t  i t s  presen t  p o s i t i o n  f o r  on ly  2 . 5 ~ 1 0 ~  y r s .  

Apollo 17  boulders  - Our i n t e r e s t  i n  t h e  Apollo 17 boulders  has  been 
d i r e c t e d  toward a n  understanding of i n d i v i d u a l  boulder h i s t o r y  through 
determinat ion of p a r t i c l e  t r a c k  exposure ages ,  e ros ion  r a t e s ,  e t c . ,  and a l s o  
toward a s e a r c h  f o r  pre-compaction i r r a d i a t i o n  e f f e c t s  and b r e c c i a  formation 
e f f e c t s  i n  g e n e r a l  through t h e  u s e  of h igh v o l t a g e  e l e c t r o n  microscopy. The 
d a t a  presented below were gleaned f o r  t h e  most p a r t  from smal l ,  sometimes un- 
documented c h i p s  i n  a p re l iminary  a l l o c a t i o n .  It i s  expected t h a t  much more 
comprehensive informat ion w i l l  be a v a i l a b l e  a t  t h e  time of t h e  F i f t h  Lunar 
Science Conference. 

One unexplained phenomenon which has  hindered t h e  t r a c k  s t u d i e s  up t o  
t h e  p resen t  i s  t h e  p e c u l i a r  e tch ing  behavior of many of t h e  f e l d s p a r  g r a i n s ,  
p a r t i c u l a r l y  i n  our  samples of 72255. Af te r  s tandard e tch ing  procedures 
(us ing an e t c h i n g  s o l u t i o n  of lgNaOH:2gH20) f e l d s p a r  s u r f a c e s  a r e  f requen t ly  
i r r e g u l a r  and 'bumpy', presumably due t o  non-uniform d i s s o l u t i o n  of t h e  sur-  
f a c e ,  making t r a c k  observa t ions  d i f f i c u l t  and perhaps in t roduc ing  e r r o r s  i f  
t r a c k  e tch ing  is a s  i r r e g u l a r  a s  is  s u r f a c e  d i s s o l u t i o n .  Opt ica l  microscope 
observa t ions  a r e  p o s s i b l e  i n  a r e a s  of low t r a c k  d e n s i t y  i f  s u r f a c e s  a r e  
l i g h t l y  pol ished t o  remove i r r e g u l a r i t i e s  a f t e r  e tch ing ;  however, scanning 
e l e c t r o n  microscopy of a r e a s  w i t h  d e n s i t i e s  S10'cm'~ i s  very  d i f f i c u l t .  A l -  
though we have n o t  no t i ced  t h i s  e f f e c t  i n  f e l d s p a r s  from o t h e r  miss ions ,  it  
i s  apparen t ly  widespread among Apollo 17 samples a s  we have observed s i m i l a r  
behavior i n  numerous s u r f a c e  s o i l  samples, i n  o t h e r  boulder samples, i n  
b a s a l t  71055 and occas iona l ly  i n  Apollo 17 deep c o r e  samples. The p e c u l i a r  
e tch ing  behavior may be r e l a t e d  t o  smal l -scale  chemical i r r e g u l a r i t i e s .  
Shock would appear  t o  be ru led  o u t  a s  an  exp lana t ion  s i n c e  shock e f f e c t s  a r e  
common i n  f e l d s p a r s  of s i m i l a r  bu lk  composition from o t h e r  miss ions ,  y e t  t h e  
e tch ing  abnormality seems r e s t r i c t e d  t o  Apollo 17 samples. 

Boulder 1, S t a t i o n  2 - 72255: Prel iminary s t u d i e s  of two i n t e r i o r  p ieces  
from t h i s  sample i n d i c a t e  a n  upper l i m i t  t o  t h e  t r a c k  exposure age of 15-20 
My. Exposure ages  determined by t r a c k  methods, i n  t h e  context  of t h e  l a r g e  
boulders ,  r e q u i r e  some explanat ion.  They do no t  n e c e s s a r i l y  bear  any r e l a -  
t i o n  t o  t h e  t ime a t  which t h e  boulder r o l l e d  t o  i t s  presen t  l o c a t i o n .  Lunar 
s u r f a c e  photographs show cons iderab le  d e b r i s ,  inc lud ing  l a r g e  fragments,  sur-  
rounding t h e  boulders .  Because of t h e  s t e e p  depth  dependence of t h e  p a r t i c l e  
t r a c k  product ion rate, t h e  s u r f a c e  under a s p a l l e d  o f f  fragment of t y p i c a l  
th ickness  1 0  cm i s  e s s e n t i a l l y  v i r g i n  from a t r a c k  po in t  of view. Thus we 
expect t h a t  p a r t i c l e  t r a c k  exposure ages  determined a t  d i f f e r e n t  l o c a t i o n s  on 
t h e  same l a r g e  boulder w i l l  r e f l e c t  t h e  l o c a l  r a t e  of l a rge-sca le  d i scon t in -  
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uous e ros ion ,  and w i l l  not  n e c e s s a r i l y  be t h e  same. 
Boulder 2,  S t a t i o n  2 - 72315: Our measurements of a s t e e p  t r a c k  d e n s i t y  

p r o f i l e  i n  a s i n g l e  f e l d s p a r  c r y s t a l  from t h i s  sample a r e  documented i n  an 
accompanying a b s t r a c t  (5).  An e x c e p t i o n a l l y  young s o l a r  f l a r e  t r a c k  exposure 
age of l o 5  y has  been c a l c u l a t e d .  72335: We have examined only  a 60 mg un- 
documented ch ip ,  supposedly a s u r f a c e  sample, a l though without  a d i s c e r n i b l e  
t r a c k  d e n s i t y  g r a d i e n t  a t  t h e  edges examined. However, a g r a d i e n t  t y p i c a l  
of s o l a r  f l a r e  t r a c k  g r a d i e n t s  was observed t o  extend over  s e v e r a l  f e l d s p a r  
g r a i n s  i n  t h e  c h i p  i n t e r i o r .  Maximum observed t r a c k  d e n s i t i e s  were 
>5x108 cm'*, f a l l i n g  t o  a minimum of - 3 ~ 1 0 '  and r i s i n g  again .  We have ob- 
served l a r g e  v a r i a t i o n s  (Sa f a c t o r  of 6) i n  t r a c k  d e n s i t y  between ad jacen t  
o l i v i n e  g r a i n s  and v a r i a t i o n s  i n  t r a c k  d e n s i t y  of more than  20 x between 
ad jacen t  o l i v i n e  and f e l d s p a r  g r a i n s .  P o s s i b l e  exp lana t ions :  ( i )  72335 might 
c o n t a i n  a few pre-compaction i r r a d i a t e d  g r a i n s .  ( i i )  The i n t e r i o r  t r a c k  den- 
s i t y  g rad ien t  and t h e  occas iona l  h igh t r a c k  d e n s i t y  f e l d s p a r  may be due t o  an  
unusual exposure geometry c r e a t e d  by t h e  presence of numerous nearby vugs i n  
t h e  exposed s u r f a c e .  ( i i i )  Track d e n s i t y  d i f f e r e n c e s  among ad jacen t  o l i v i n e s  
may be due t o  shock o r  thermal anneal ing.  72395: We have examined a docu- 
mented i n t e r i o r  s l a b  t h a t  w a s  c u t  roughly p a r a l l e l  t o  and -3 cm below t h e  ex- 
posed boulder su r face .  Track d e n s i t i e s  i n  f e l d s p a r  range between 2-5x10~ 
cm-'. A t e n t a t i v e  exposure age  of 10-20 My f o r  t h i s  p a r t  of t h e  boulder  can 
be ass igned.  

High v o l t a g e  e l e c t r o n  microscope s t u d i e s  of t h e  boulder samples w i l l  
proceed a s  soon a s  t h e  refurbishment of t h e  650kV microscope is completed. 

I I  

Fig. 1 - Track diameter  histogram 
f o r  spheres  of varying t r a c k  densi -  
t i e s  from 74220. Neutron-induced 
f i s s i o n  t r a c k  diameters  f o r  t h e  same 
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spheres  a r e  shown a s  d o t t e d  l i n e s .  
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