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INTRODUCTION A number of s tudies have a l r eady  been made of the latent  
damage t r a i l s  fo rmed  in  lunar m a t e r i a l s  by  the constant bombardment of 
so lar  and galact ic  charged pa r t i c l e s ,  in o r d e r  to obtain some information 
about these  
This  a b s t r a c t  desc r ibes  a t tempts  to find the ha rdness  of the so lar  f l a re  
spect rum and to  distinguish t r a c k s  due to i t  and galactic pa r t i c l e s  f r o m  
those due to spallation products .  Supporting exper iments  c a r r i e d  out on 
t e r r e s t r i a l  m i n e r a l s  a r e  a l s o  descr ibed.  
ANALYSIS O F  LUNAR FELDSPARS F i g ,  1 shows the t r a c k  densi ty 
distr ibutions in  fe ldspar  g ra ins  f r o m  var ious  lunar samples .  Almos t  a l l  
the samples  were  found to have been exposed to both so la r  and galactic 
par t ic les .  Apollo 14 samples  14321,147 and 141 63,113 s e e m  to  have been 
heavily exposed while samples  61 282,3 and 68502,13 f r o m  Apollo 16, and 
72501,49 and 75082,18 f r o m  Apollo 17 show a l m o s t  identical  t r a c k  
densi t ies  with a n  ave rage  value of l o 7  t r acks /c rn2 .  The g r e a t e s t  t r ack  
densi ty var ia t ion  was found in sample  78421, 22; thus suggesting the l eas t  
so i l  mixing. 
SOLAR FLARE ENERGY SPECTRUM Samples with sha rp  t r ack  gradients  
have been found to  have been exposed to  so la r  f l a r e s .  T h e  t r a c k  densi ty , 
a t  a depth D was found to obey Pb = fo EP power law. The  p a r a m e t e r  'a ', 
an  index of ha rdness  of the spec t rum was found to v a r y  widely, between 
0 .25 to 1 . 5  (compared with the Surveyor 111 value of 2. 5(1)),  However, a 
complicated exposure h is tory  a s  well a s  a plane of study not in  the  direct ion 
of i r radia t ion  m a y  both lead to exper imenta l  values f o r  ' a '  lower than 
expected. We have t r i e d  a different approach.  T r a c k s  in a feldspar c r y s B l  
showing no apparent  gradient ,  have been classif ied according to  the i r  
projected d i rec t ion  on the plane under investigation. The procedure  was 
repeated for  a sequence of pa ra l l e l  planes by grinding, polishing and r e -  
etching, F i g u r e  2 shows a contour d iagram.  A r e f e r s  to the  top face  while 
B, C,  . . . etc.  r e f e r  to f aces  lying success ively  below A. Assuming iso-  
t ropic etching (at  p resen t  being checked), the contours suggest  that the 
c r y s t a l  was exposed to s o l a r  f l a r e s  f r o m  'top south'  and 'bottom e a s t '  
direct ions.  The  a-values  obtained f r o m  these  a r e  2. 15  and 1 - 9 2 ,  quite 
close to the 2, 5 value ob ta inedfor  the  Surveyor I11 g lass  f i l t e r .  
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SPALLATION PRODUCT TRACKS Fig .  3 shows etched t r a c k  dens i t ies  

obtained by both scanning e lec t ron mic roscope  (SEM) and optical  m i c r o -  
scope in var ious  Apollo 16 and 17 s a m p l e s .  I t  h s been observed that  SEM 
counts a r e  always higher than the opt ica l  countsPZ). The origin of these  
t l ex t ra t l  t r acks  i s  not v e r y  well understood.  A fe ldspar  c r y s t a l  when 
heated a t  2 5 0 ~ ~  f o r  ten minutes,  loses  a l l  i ts  Itextra" t r acks .  In a different 
experiment,  we found that spallation product  t r acks  behave remarkab ly  
s imi la r ly  to these  "ext ra  " t racks .  Crys ta l s  exhibiting t r a c k  gradients  
showed fewest  ext ra  t r a c k s  which i s  consistent  with the  above view. Being 
c lose  to the  su r face  a t  one t ime,  the high t empera tu res  could well  have 
annealed them out. 
SUPPORTING EXPERIMENTS T e r r e s t r i a l  c rys ta l s  s i m i l a r  to those 
commonly found in lunar  ma te r i a l  have been i r r ad ia ted  with 2 5 2 ~ f  f i ss ion  
f ragments  to  es tabl i sh  s o r e  of the i r  t r a c k  regis t ra t ion  cha rac te r i s t i c s .  
Samples  of fe ldspar ,  olivine and pyroxene have been invest igated fo r  
variat ion of t r a c k  regis t ra t ion  efficiency with c rys ta l  plane when etched 
respect ive ly  in boiling 6070 NaOH solution, WN solution and 48% HF. Some 
significant var ia t ions  in  t r a c k  reg i s t r a t ion  have been found. Exper imenta l  
work i s  continuing in th is  field. 
The geomet ry  of projec ted  t r a c k  lengths on to  the c r y s t a l  su r face  leads  to  
the  formula  x /  R = c a e - ~ b 8 ~ c a ~ ~ ( k ) .  ~ r r a d i a t i o n  of labrado r i t e  a t  angles of 3 o0 
and 60° led to a c r i t i c a l  angle f o r  etching, of 5. 5 2 2O and a maximum 

t etchable range for  f i ss ion  f ragments  of 9. 9 - 0.8pm. 
The m e a s u r e d  mean  projected t r a c k  length under conditions of 2~ i r r a d i a t i m  
depends on the  extent to which shor t  t r a c k s  a r e  lost.  Theore t ica l  
relat ionships between x, R and 0,appropriate to  the exper imenta l  conditions 
have been obtained by integrat ing the  above formula between l imi ts  
corresponding to the  shor tes t  and longest  lengths measured .  Such a 

f m e a s u r e d  value fo r  R fo r  labrador i te  gave a value of 10.6 - 1. 0 ym. 
It has  a lso  proved possible to quantify the  number  of t r a c k s  los t  in counting 
against  the c r y s t a l  background a s  a percentage relat ive to  the  ra t io  of the 
shor tes t  length m e -  s u r e d  to the longest.  
'The relat ionship Letween range and c r i t i ca l  angle i s  cu r ren t ly  being applied 
to a study of the  range and c r i t i ca l  angle of o ther  ion t r a c k s  in c rys ta l s  and 
t h e i r  subsequent behaviour on annealing, 
Also,  measurements  of t r a c k  length f o r  AT, F e  and K r  on g lass  have been 
made  and these  a r e  re la ted  to (dE/dx) cr i t .and etchable t r a c k  length of 
these  ions in f e ldspar s  and olivines. 
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