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On March 14, 1986, the  C i o t t o  spacecraft  of t he  European Space Agency f lew pas t  comet Hal- 

l e y  a t  a d is tance  o f  605 km. The neu t ra l  gas mass spectrometer (NMS) [I] measured bo th  t he  gas 
and i o n  composit ion i n  t he  coma from 900'000 km t o  w i t h i n  1000 km from t h e  nucleus. 

Water i s  t h e  dominant v o l a t i  l e  cons t i tuen t .  I t s  p roduc t ion  r a t e  was 5.5- ir29 molecules/s 
[Z]. The r e l a t i v e  abundance of CO w i t h  respect  t o  water was w i t h i n  5 t o  158 [3]. A substantCa1 
T rac t i on  of t he  CO was no t  released from t h e  nucleus bu t  was released from dust g ra ins  a t  
d is tances o f  up t o  15'000 km. The r e l a t i v e  abundance o f  N2 and C02 were < 10% and 5 3.58 re -  
spect i  ve l  y  . 

The l i g h t  elements hydrogen, carbon, oxygen, etc. show subs tan t ia l  i s o t o p i c  va r i a t i ons  in 
meteor i tes,  p lane ta ry  atmospheres, i n t e r s t e l l a r  mat ter  and s ta rs .  A determinat ion o f  t h e i r  iso-  
t o p i c  composit ion i n  cometary mat ter  i s  thus o f  p a r t i c u l a r  cosmochemical i n t e res t .  The i n  s i t u  
mass spectrometr ic  measurement i s  however d i f f i c u l t ,  as t he  low abundance isotopes (D, 13c, 
180, etc.) are always heavier  than t h e  major isotopes and can be masked by hydr ides (H~,+~*cH, + + 
~~~~0~ etc.). Only f o r  t h e  i o n  H30 i s  t he  i n t e r f e rence  f o r  t h e  i s o t o p i c  %DO (mass 20 ) and + 
I-$l80 (mass 21 ) l i m i t e d  t o  a few species, c f .  [4].  The mass r e s o l u t i o n  and dynamic range o f  
t he  NMS was s u f f i c i e n t l y  h i gh  t o  a l l ow  a measurement o f  these two low abundance mass peaks (c f .  
F ig.  1 ) .  The p re l im ina ry  eva lua t ion  o f  t h e  data obtained w i t h i n  t h e  con tac t  sur face gave Tor 
t h e  D/H r a t i o  i n  water from comet Ha l ley  

0.6*l(r4 5 D/H 5 4 . 8 * 1 f l  
and f o r  t h e  180 abundance 

The 180/160 agrees w i t h i n  t h e  e r r o r  l i m i t s  w i t h  t he  average so l a r  system value of 0.00205. 
The unce r t a i n t y  i n  t h e  cometary D/H i s  s t i l l  subs tan t ia l ,  p a r t i a l l y  because no assumption on + + + 
t he  mix ing  r a t i o  o f  H20 /NH+ on mass 18 was made ( f o r  more d e t a i l s  c f .  [4 ] )  and pa r t i a l ' l y  
because o f  t h e  p re l im ina ry  nature o f  t h e  data evaluat ion.  Our upper l i m i t  f o r  t he  D abundance 
i s  e s s e n t i a l l y  i n  agreement w i t h  t h e  upper l i m i t  obta ined by IUE observations [5]. 

F igure 2 g ives  an overview over t h e  deuterium abundance i n  d i f f e r e n t  so l a r  system and W- 
l a c t i c  reservo i rs .  The very h i gh  D enrichments observed i n  molecules from i n t e r s t e l l a r  clouds 
are due t o  f r a c t i o n a t i o n  i n  ion-molecule reac t ions  161. Deuterium should thus be enriched i n  
i c y  i n t e r s t e l l a r  g ra i ns  o r  i n  t he  proposed v o l a t i l e - r i c h  mantles o f  t h e  g ra ins  [7]. lon-mole- 

c u l e  o r  low temperature chemical reac t ions  i n  t he  p ro toso la r  nebula might  be an additiona'l 
source f o r  D enrichment ( c f .  [8]). Sola r  system hydrogen which was i n  i s o t o p i c  equ i l i b r i um  wi+h 
i n t e r s t e l l a r  v o l a t i l e  molecules should thus be enriched i n  D compared w i t h  hydrogen der ixad 
from %. 

From Fig. 2 some conclusions a re  q u i t e  ev ident :  
- The water i c e  o f  Ha l ley  i s  enr iched by a t  l e a s t  a f a c t o r  of 3 i n  deuterium compared wi* 

p ro toso la r  H2 and w i t h  hydrogen accreted i n  gaseous form from pro toso la r  H2 ( i .e .  Jup i t e r  and 
Saturn). 

- The D/H i n  Ha l ley  water i c e  i s  compatible w i t h  t he  r a t i o  observed f o r  other  so l a r  system 
hydrogen t h a t  was accreted as p a r t  o f  v o l a t i l e  molecules, e.g. as H20-, CH4-ices ( i  .e. T i tan,  
Earth, Meteor i tes) .  
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- Comet Hal ley, Ti tan, t h e  Meteor i tes  and t h e  E a r t h  cou ld  have acqui red t h e i r  hydrogen from t h e  
same reg ion  o f  t h e  p r o t o s o l a r  nebula, i .e. they cou ld  have formed i n  t h e  same h e l i o c e n t r i c  

d is tance  range. 
- The D/H i n  Ha l ley  water i c e  i s  i n  agreement w i t h  models proposing t h a t  t h e  e a r t h  and o ther  

t e r r e s t r i a l  p lane ts  acqui red t h e i r  v o l a t i l e s  from a veneer o f  v o l a t i l e  r i c h  m a t e r i a l s  o f  e.g. 
cometary o r i g i  n [9].  

- A cometary o r i g i n  of carbonaceous meteor i tes  and o f  i n t e r p l a n e t a r y  dust  p a r t i c l e s  i s  n o t  ex- 
cluded by t h e  measured D/H r a t i o .  
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1: Ion mass spectrum o b t a i -  3- w ~ t h  t h e  M-Analyzer o f  t h e  
NMS i n s i d e  t h e  con tac t  sur face.  
The f i g u r e  shows raw data. 
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Fig. 2: Deuterium abundances i n  d i f f e r e n t  s o l a r  
system and g a l a c t i c  reservo i rs .  The d o t t e d  l i n e s  
g i v e  t h e  range o f  D/H r a t i o s  observed on t h e  
ear th,  i n  meteor i tes  and i n  i n t e r p l a n e t a r y  dus t  
p a r t i c l e s .  For source o f  data c f .  [4]. 
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