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THE BULK COMPOSITION OF THE DUST COMPONENT OF COMET HALLEY; L.M.Mukhin; 
G.G.Dolnikov, E.N.Evlanov, M.N.Fomenkova, O .F .P r i lu t sky ,  Space Research In- 
s t i t u t e ,  Academy of Sc i ences ,  Moscow, USSR 

Comets t r a d i t i o n a l l y  a r e  concerned as t h e  most p r i m i t i v e  m a t e r i a l  of So- 
la r  system and,  hence ,  t h e i r  bu lk  e l emen ta l  composi t ion f o r  main rock-f orming 
e lements  i s  expec ted  t o  be  s i m i l a r  t o  s o l a r  ( o r  CI) composi t ion .  The average  
i o n i c  composi t ion of comet Hal ley  d u s t  g r a i n s  has  been determined by a number 
of a u t h o r s  (1-3) u s i n g  d a t a  from dust-impact time-of-f l i g h t  mass-spectrome- 
t e r s  PUMA-1,2 of VEGA miss ion  and PIA of GIOTTO miss ion .  These r e s u l t s  p o i n t  t o  
a  l a r g e  d i f f e r e n c e  between t h e  average  i o n  r a t i o s  i n  mass-spectra and t h e  cor- 
responding  e l emen ta l  r a t i o s  i n  carbonaceous c h o n d r i t e s .  

I n  a l l  p r ev ious  pape r s  equal  weights  h a s  been used i n  procedures  of mass 
s p e c t r a  ave rag ing .  But i f  t h e  mass of r e g i s t e r e d  d u s t  p a r t i c l e s  i s  i n  t h e  range  
from 5.10-17 g t o  5.10-12 g  ( t h e  mass of i n d i v i d u a l  g r a i n s  i s  determined i n  (4)  
from d a t a  on d u s t  p a r t i c l e  impact on t a r g e t  r a t h e r  t h a n  from i o n s  i n t e n s i t y  i n  
spectrum) , t h e n ,  e v i d e n t l y ,  t h i s  mass d i s t r i b u t i o n  should be  t aken  i n t o  acco- 
u n t w h e n a v e r a g e  bu lk  composi t ion i s  c a l c u l a t e d .  

We have used t h e  next  averaging  procedure .  A t  t h e  1st s t e p  t h e  sum of char- 
ges  of t h e  10 main e lements  ( s e e  Table  1 )  was accepted  a s  100% and t h e  pe rcen t  
abundances of t h e s e  e lements  i n  every  spectrum were found.  I t  enabled  t o  e l imi -  
n a t e  e f f e c t s  of i n t e n s i t y  v a r i a t i o n s  i n  s p e c t r a  of t h e  same mass group.  A t  t h e  
2nd s t e p  t h e s e  abundances were averaged s e p a r a t e l y  f o r  s p e c t r a  ob ta ined  i n  w i -  
de  and narrow energy windows, t h e  weight ing  f a c t o r  be ing  t h e  d e r i v e d  i n  (4) 
mass of d u s t  g r a i n .  T h e r e s u l t i n g v a l u e s  no rma l i zed toMg a r e g i v e n i n T a b l e 1 .  

Table  1. Average i o n  abundances f o r  PUMA 1 , 2  wi th  weight ing  f a c t o r .  

H C N 0 Mg A1 Si S C a  Fe 
Pumal ,  wide 2937 548 74 491 100 19 93 64 13 87 
Puma 1, narrow 205 143 8 . 3  149 100 5 . 3  59 27 3 . 4  16 
Puma 2 ,  wide 203 137 45 151 100 18 71  53 8 . 2  51 
Puma 2 ,  narrow 7  50 13 48 100 13 57 49 7 . 1  29 

The i o n  r a t i o s  of t h e  main rock  elements  a r e :  Mg+/Si+ % Fe+/Si+ % 1. Also,  
t h e  r a t i o  S+/Si+  % 0 . 7  i s  more c l o s e  t o  t h e  cor responding  e l emen ta l  r a t i o  i n  C I .  
The upper l i m i t  of u n c e r t a i n t i e s  i n  t h i s  r a t i o s  i s  e s t ima ted  as N 30%. 

It is  i n t e r e s t i n g  t o  c o n s i d e r  s e p a r a t e l y  t h e  average  i o n  composi t ion of 
t h e  heavy and t h e  l i g h t  f r a c t i o n  of d u s t  component. The comparison of r a t i o s  
Mg+/ S i +  and Fe+/(Fe++Mg+) f o r  t h e  h e a v i e s t  and t h e  l i g h t i e s t  p a r t i c l e s  ( s e e  
f i g .  1, 2) r e v e a l s  a  l a r g e  d i f f e r e n c e  i n  composition', depending on t h e  mass of 
t h e  p a r t i c l e s .  So,  t h e  r i g h t  va lues  on Mgt/Si+ h is tograms show, t h a t  t h e  l i g h t  
p a r t i c l e s  c o n t a i n  t h e  n o t i c e a b l e  f r a c t i o n  of magnesium wi thout  s i l i c o n  and t h e  
mean r a t i o  Mg+/Sit f o r  t h i s  group is  much more than  1 ,  whi le  t h i s  r a t i o  f o r  heavy 
g r a i n s  is almost  s o l a r  and t h e  number of g r a i n s  wi th  magnesium wi thout  s i l i c o n  
is l e s s .  F i g u r e  2  shows t h a t  t h e  heavy p a r t i c l e s  a r e  more abundant by i r o n  t h a n  
t h e  l i g h t  ones .  The f u l l  i on  composi t ion f o r  t h e  heavy and t h e  l i g h t  d u s t  g r a i n s  
of comet Ha l l ey  i s  g iven  i n  Table 2 .  

Two e x p l a n a t i o n  of t h i s  mass dependence a r e  p o s s i b l e :  e i t h e r  t h e r e  i s  t h e  
r e a l  d i f f e r e n c e  i n  composi t ion of heavy and l i g h t  p a r t i c l e s ,  o r  t h e r e  i s  a  depe- 
ndence of i n s t r u m e n t s '  c h a r a c t e r i s t i c s  on mass of r e g i s t e r e d  p a r t i c l e s .  We be- 
l i e v e  t h a t  t h e  1st e x p l a n a t i o n  i s  more probable .  The d i f f e r e n t  weight ing  of t h e  
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Table  2 .  Average i o n  abundances f o r  heavy a n d l i g h t  g r a i n s  (PUMA I ,  wide) .  

H C N 0 Mg A 1  Si S C a  Fe 
Heavy 3316 579 77 530 100 19 97 70 14 97 
Light  258 252 18 103 100 17 47 27 9 . 5  22 

F i g .  1. Dependen- 
ce  of r a t i o  Mg+/ 
S i +  on mass of pa- 
rt i c l e s  : 
A) m > 10-13 g ;  
B) m < 5.10-16g. 

F i g .  2 .  Dependen- 
c e  of r a t i o  Fe+/ 

4 0 
(Fe++Mg+) on mass 
of p a r t i c l e s  : 

i n d i v i d u a l  p a r t i c l e s  e x p l a i n s  t h e  d iscrepancy  between ou r  r e s u l t s  and t h e  pre-  
v ious  ones:  l i g h t  p a r t i c l e s  a r e  more numerous, bu t  on ly  t h e  group of t h e  most 
heavy p a r t i c l e s  comple te ly  d e f i n e s t h e  average composi t ion.  

It should be  noted  h e r e ,  t h a t  conversion of ion  abundance t o  e l emen ta l  
ones u s i n g  t h e  i o n  y i e l d s  f a c t o r s  of (3) would l e a d  t o  t h e  e l emen ta l  r a t i o  Mg/Si 
of about  0 . 3 ,  which would be d i f f i c u l t  t o  understand f o r  cometary m a t t e r .  Pos- 
s i b l y ,  it means t h a t  p roces ses  of plasma t r ans fo rma t ion  i n  PUMA ins t rumen t s  
and r e s u l t i n g  i o n  y i e l d s  a r e  dependent on dus t  p a r t i c l e  mass. 
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