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For two y e a r s  t h e  p r o f i l e  of s o l a r  f l a r e  Fe t r a c k s  i n  t h e  Surveyor g l a s s  
f i l t e r  has  served a s  t h e  s t andard  from which s u r f a c e  exposure ages  and ero- 
s i o n  r a t e s  of l u n a r  rocks ,  a s  w e l l  a s  micrometeor i te  f l u x e s ,  have been de- 
r i v e d .  I n  t h i s  paper we show t h a t  l u n a r  rock 72315, from a n  Apollo 17 
boulder ,  promises t o  become a  new s tandard  f o r  s o l a r  f l a r e  s p e c t r a  dur ing  t h e  
l a s t  - l o5  y e a r s .  Our t r a c k  p r o f i l e  was measured i n  a  mm-sized f e l d s p a r  c rys -  
t a l  a t  t h e  s u r f a c e  of t h e  rock.  C r a t e r  coun t s  were made on two a r e a s  nea r  
t h e  c r y s t a l .  Both s t u d i e s  show t h a t  a  l a r g e  f r a c t i o n  of t h e  p r e s e n t  s u r f a c e  
of t h e  rock was f r e s h l y  exposed about l o 5  y e a r s  ago. I n  f a c t ,  a s t r o n a u t  Jack  
Schmitt thought t h e  rock  w a s  a  l a r g e  c l a s t  because of i t s  l i g h t e r  ( f r e s h e r )  
appearance than  t h e  surrounding m a t e r i a l  of t h e  boulder .  

A s e c t i o n  of t h e  f e l d s p a r  c r y s t a l  -normal t o  t h e  exposed s u r f a c e  was 
etched i n  a  b o i l i n g  s o l u t i o n  of l g  NaOH:2gH20 f o r  t imes of 2  min f o r  TEM 
(+ r e p l i c a ) ,  7  min f o r  SEX, and 20 min f o r  o p t i c a l  microscopy (+ s i l v e r i n g ) .  
The s o l i d  p o i n t s  i n  F ig .  1 a r e  t h e  combined t r a c k  d a t a  obta ined by t h e  t h r e e  
techniques .  The maximum etched t r a c k  l e n g t h  f o r  t h e  o p t i c a l  counts  was "5pm, 
but  t h i s  i s  not  t h e  c o r r e c t  v a l u e  of AR ( t h e  recordab le  range)  t o  use  i n  com- 
pu t ing  t h e  energy spectrum. To e s t i m a t e  AR we continued e tch ing  f o r  up t o  
5  hours and found t h a t  t h e  5pm-long t r a c k s  grew t o  -30pm and t h a t  TINTS 
reached maximum l e n g t h s  of almost  40ym before  t h e i r  growth r a t e s  became very  
low. P rev ious ly  used va lues  of AR310 t o  15pm a r e  too low. For rock 72315 
we adopt t h e  v a l u e  AR=40ym, which means t h a t  anywhere along t h e  l a s t  40pm of 
t h e  t r a j e c t o r y  of an  Fe i o n  a  v i s i b l e  t r a c k  can be e tched.  

The dashed curve  i n  Fig.  1 g i v e s  t h e  c u r r e n t  b e s t  e s t i m a t e  of t h e  e t c h  
p i t  d e n s i t y  p e r  s t e r a d i a n  v s  t r u e  depth  i n  t h e  Surveyor g l a s s .  We used a n  
average of t h e  measurements of (1) and (2) i n s t e a d  of t h e  measurements of 
( 3 ) ,  which were made on t h e  h o r i z o n t a l  s u r f a c e  of t h e  g l a s s  and r e q u i r e  cor-  
r e c t i o n s  t h a t  depend c r i t i c a l l y  on a  knowledge of t h e  e t c h  p i t  cone a n g l e  a s  
a  f u n c t i o n  of energy. The s c a l e  of t h e  o r d i n a t e  f o r  t h e  curve  assumes a  10' 
year  exposure a t  t h e  same average r a t e  a s  f o r  t h e  2.6 year  Surveyor exposure.  
S t o r z e r  e t  a 1  (4)  found t h a t  g l a s s  w i t h  t h e  same composit ion a s  t h e  Surveyor 
g l a s s  r ecords  Fe ion  t r a c k s  a t  an  energy of 9.6 MeV/nucleon, corresponding t o  
a  range of a t  l e a s t  75pm. Because of p o s s i b l e  anneal ing on t h e  l u n a r  su r face ,  
i t  is  b e t t e r  t o  look a t  a c t u a l  f l a r e  t r a c k s  i n  t h e  g l a s s .  By observing t h e  
growth of Fe i o n  e t c h  p i t s  dur ing  a  sequence of e t c h e s  we f i n d  t h a t  ARs100pm 
is  a  more r e a l i s t i c  e s t i m a t e  of t h e  recordab le  range than t h e  v a l u e  30pm used 
previously .  

The t r i a n g l e s  i n  Fig .  1 a r e  t h e  d a t a  p rev ious ly  repor ted  (5) f o r  a  s t e e p  
t r a c k  g r a d i e n t  i n  a  pyroxene c r y s t a l  a t  t h e  bottom of a  vug i n  rock 15499. 
A t  t h a t  t ime we po in ted  o u t  t h a t  t h e  p r o f i l e  was n e a r l y  a s  s t e e p  a s  t h a t  i n  
Surveyor g l a s s  and t h a t  normal e r o s i o n  p rocesses  apparen t ly  had been thwarted, 
perhaps because t h e  c r y s t a l  was sh ie lded  by t h e  vug w a l l s  from micrometeor- 
i t e s  o r b i t i n g  i n  t h e  e c l i p t i c  p lane .  A background of > lo8  tracks/cm2 from 
g a l a c t i c  cosmic r a y s  made i t  impossible  t o  extend t h e  p r o f i l e  t o  depths  
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g r e a t e r  than  -200pm. For t h i s  r eason  t h e  vug c r y s t a l  i s  no t  a s  u s e f u l  a s  
rock 72315, f o r  which we have d a t a  down t o  -800um and i n  a f u t u r e  column of 
which we expect  t o  o b t a i n  d a t a  a t  even g r e a t e r  depths .  

Because of t h e  d i f f e r e n t  v a l u e s  of AR and range-energy r e l a t i o n s  f o r  
g l a s s ,  f e l d s p a r ,  and pyroxene it is  s a f e r  t o  compare energy s p e c t r a  computed 
from t r a c k  p r o f i l e s  than  t h e  p r o f i l e s  themselves.  A s  a f i r s t  approximation,  
however, n o t e  t h a t  t h e  p r o f i l e  i n  rock 72315 f i t s  t h e  Surveyor p r o f i l e  q u i t e  
w e l l  a t  depths  2100pm and a l lows  a n  exposure age of - 1 0 ~ ~  t o  be computed, if 
we assume t h e  Surveyor p r o f i l e  t o  r e p r e s e n t  a 2.6y average r a t e .  Note 
f u r t h e r  t h a t  t h e  p r o f i l e  i n  72315 can be made t o  f i t  t h e  Surveyor p r o f i l e  
a t  a l l  depths  from -25 t o  800pm i f  we assume e i t h e r  t h a t  t h e  c r y s t a l  came 
from a depth  of -20pm o r  t h a t  it  was eroding a t  an  average r a t e  of -2.52/y. 
(The l o c a t i o n  of t h e  c r y s t a l  was no t  w e l l  documented.) With t h e  same assump- 
t i o n  we i n f e r  an  exposure age  of - 2 ~ 1 0 ~ ~  f o r  t h e  vug c r y s t a l  i n  15499 and a n  
e r o s i o n  r a t e  of no more than  ~ l g / ~ .  

Fig.  2 shows t h e  energy s p e c t r a  computed f o r  Surveyor g l a s s  and f o r  rock 
72315. To e x t r a c t  t h e  c o r r e c t  energy spectrum from a t r a c k  p r o f i l e ,  one must 
r e a l i z e  t h a t  t r a c k s  observed a t  a given dep th  a r e  produced by p a r t i c l e s  
having r e s i d u a l  ranges  from -0 ( i n  p r a c t i c e  1 o r  2pm) t o  AR. Denoting t h e  
t r a c k  p r o f i l e  by N(R) ( t racks/cm2 s t e r ) ,  t h e  (measured) s l o p e  of t h e  t r a c k  
p r o f i l e  by d ~ / d ~ = ( N / R ) d g n N / d R n ~ ,  t h e  d i f f e r e n t i a l  range spectrum by j (R)  
( p a r t  i c l e s /cm2 micron s t e r )  , and t h e  d i f f e r e n t i a l  energy spectrum by j (E) 
( p a r t  ic les /cm2 ster MeV/nucleon) , we can determine j (R) from t h e  r e l a t i o n  

n 

' and j (E) from t h e  r e l a t i o n  j (E)=j (R) /dE/dR ( t h e  c o r r e c t i o n  f o r  s p a l l a t i o n  
being n e g l i g i b l e  f o r  s o l a r  f l a r e  e n e r g i e s ) .  I n  p r i n c i p l e  one must i n t e g r a t e  
over a l l  s o l i d  ang les .  I n  p r a c t i c e ,  f o r  a t y p i c a l  s t e e p  f l a r e  spectrum t h e  
t r a c k s  a r e  s t r o n g l y  co l l ima ted  toward t h e  n e a r e s t  s u r f a c e  and we have re-  
s t r i c t e d  our measurements t o  t h o s e  t r a c k s  w i t h i n  -15' of t h e  d i r e c t i o n  of t h e  
n e a r e s t  s u r f a c e .  A t  dep ths  %<<AR t h e  r e l a t i o n  j (b)" - (dN/dR)b i s  ade- 
qua te ;  a t  dep ths  Ro23 ARo one can u s e  t h e  approximate r e l a t i o n  ~ ( R , ) z N ( % ) / , ~  
(AR-~(AR)*/~R,),  where a is t h e  exponent of t h e  empi r i ca l  express ion  N(R)=AR . 

A t  e n e r g i e s  210 MeV/nucleon e r o s i o n  is unimportant dur ing  1 0 ~ ~  and t h e  
s p e c t r a  a r e  ve ry  s i m i l a r ,  w i t h  s l o p e s  i n c r e a s i n g  i n  s t e e p n e s s  t o  --3.66. With 
dec reas ing  energy t h e  s l o p e  of t h e  Surveyor spectrum decreases  t o  <-2. 

Fig,. 3 shows t h e  r e s u l t s  of cumulative c r a t e r  counts  made on two -5cm2 
a r e a s  of t h e  rock.  The d i s t r i b u t i o n  is  st i l l  i n  product ion bu t  t h e  d i f f e r e n c e  
i n  s l o p e s  of t h e  coun t s  from t h e  two r e g i o n s  i s  puzzl ing.  The a b s o l u t e  coun t s  
suggest  an  age of 1 .2x105years ,  c o n s i s t e n t  w i t h  t h e  v a l u e  10' y e a r s  based on 
a n  assumed cons tan t  s o l a r  f l a r e  r a t e .  Measurements a t  a h igher  magni f i ca t ion  
of p i t s  i n  t h e  1 t o  25pm diameter  i n t e r v a l  may r a i s e  t h e  frequency a t  t h e  low- 
diameter  end of t h e  d i s t r i b u t i o n .  

Laboratory s p u t t e r i n g  experiments ( 6 )  i n d i c a t e  t h a t  t h e  e r o s i o n  r a t e  of 
t h e  s o l a r  wind ha rd ly  exceeds 0 . 0 2 2 / ~ .  From Fig .  3 i t  seems u n l i k e l y  t h a t  
mic rometeor i t i c  e r o s i o n  could have f l a t t e n e d  t h e  spectrum of 72315 a t  low 
energ ies .  We a r e  o p t i m i s t i c  t h a t  a documented c r y s t a l  from t h e  t r u e  s u r f a c e  
of our  t r a c k  column w i l l  y i e l d  a s t e e p  spectrum even a t  e n e r g i e s  a s  low a s  
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1 MeV/nucleon. In order for rock 72315 to serve as a solar flare standard 
that is completely independent of Surveyor glass it would be necessary to 
date its exposure time by 2 6 ~ ~ .  
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