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MOTiI VAT I ON 
m o s i t i v e  abundance anomalies o f  26Mg, 107Ag, and 129Xe a r e  g e n e r a l l y  
a s c r i b e d  t o  t h e  decay o f  now-ex t inc t  26A1 (T1/2=0.71 My), 107Pd(T1/2=6.5 My) 
and 1291 (T1/2=15.7 My), r e s p e c t i v e l y .  I n  view o f  t h e  importance o f  such r e s u l t s  
f o r  unders tand ing t h e  e a r l y  h i s t o r y  o f  t h e  s o l a r  system - o r  o f  events i n  t h e  
t ime  b e f o r e  i t s  fo rmat ion  - searches have been undertaken f o r  evidence f o r  t h e  
decay products  o f  o t h e r  r a d i o n u c l  i d e s  w i t h  comparable h a l f  1  ives.The r e s u l t s  
r e p o r t e d  so f a r  have been nega t i ve  o r  t e n t a t i v e ( l , 2 , 3 )  . I n  o rde r  t o  add t o  t h i s  
l i s t  we r e p o r t  o u r  f i r s t  data f o r  t h e  i s o t o p i c  compos i t ion  o f  rutt ienium. 
Ru appeared t o  be an i n t e r e s t i n g  element because i t  migh t  c o n t a i n  evidence f o r  
t h e  former e x i s t e n c e  o f  98,99Tc which decay i n t o  98,99Ru w i t h  h a l f  l i v e s  o f  
4.2 My and 0.21 My, respec t i ve l y .1n  the  standard model o f  nuc leosyn thes is  
98Tc would have an o r i g i n  i n  a  p-process, 99Ru i n  an s- o r  r -process.Fur ther -  
more, t h e  seven s t a b l e  Ru i so topes  comprise two p -on ly  iso topes(96,  98), one 
s-on ly (100) ,  one r - o n l y ( l 0 4 ) ,  and t h r e e  o f  mixed s+r origin(99,101,102) .Hence, 
even i f  t h e r e  were no evidence f o r  t h e  decay o f  f r e s h l y - s y n t h e s i z e d  98,99Tc 
t h e  pe r fec tness  o f  t h e  m i x i n g  o f  t h e  t h r e e  d i f f e r e n t  nuc leosyn the t i c  compo- 
nen ts  o f  Ru i t s e l f  m i g h t  be o f  i n t e r e s t  - i n  p a r t i c u l a r  s ince  the  d i scovery  
t h a t  i n c l u s i o n s  i n  carbonaceous chondr i  t e s  c o n t a i n  t i n y  Fremdl i nge  w i t h  Ru 
con ten ts  up t o  20 % (4,5,6,7). 

TECHNIQUE 
T-es ana lysed a r e  two a l i q u o t s  o f  an a c i d - r e s i s t a n t  res idue  (0.5 weight  
%)  o f  b u l  k  A1 lende, two Type B coarse-grained i n c l u s i o n s  fromAl lende (3531-D 
and EK 25-S2-3, k i n d l y  s u p p l i e d  by Dr.A.El Goresy), and one f rom L e o v i l l e  
(Leo 1).The i n c l u s i o n s  were crushed i n  a  s t e e l  mor tar  and separated by means 
o f  a  hand magnet i n t o  a  magnetic and a  non-magnetic f ract ion.However,  o n l y  i n  
one i n s t a n c e  ( A l l  3531-D) was t h e r e  s u f f i c i e n t  Ru i n  t h e  magnetic f r a c t i o n  
t o  y i e l d  meaningful  data .-Samples were f l uxed  w i t h  KOH-KN03 (5 :  I ) ,  d i s s o l v e d  
i n  H2SO4 ( 2  N), and d i s t i l l e d  a f t e r  a d d i t i o n  o f  Ce(S04)2.Ru was c o l l e c t e d  i n  
HC1-ethanol and f i n a l l y  p u r i f i e d  by means o f  a  c a t i o n  exchange column.--RuC13 
was loaded, toge the r  w i t h  1  p1 s i l i c a g e l  and 1  p1 b o r i c  a c i d ,  onto  a  V-shaped 
zone- re f i ned  Re fi lament.Measurements were performed w i t h  a  VARIAN MAT 261 
ma s  spectrometer,  u s i n g  a  Faraday c o l l e c t o r  ( s i n g l e  c o l l e c t o r  mode) and a  f 10 IS2 r e s i s t o r . I o n  c u r r e n t s  o f  5x10-12 Amps ( t o t a l )  , l a s t i n g  f o r  severa l  
hours, c o u l d  be ob ta ined  w i t h  100 ng samples, cor responding t o  about one 
c o l l e c t e d  i o n  p e r  2000 atoms.80-120 complete spect ra  were taken i n  a l l  i n s t a n -  
ces .-Standards were prepared f rom Ru metal  (Koch&Light)  , us ing  t h e  same 
procedure as f o r  t h e  m e t e o r i t i c  samples. 

RESULTS 
V a r i a t i o n s  i n  t h e  mass-dependent f r a c t i o n a t i o n  e f f e c t s  were removed by normal - 
i z i n g  a l l  data t o  96Ru/101Ruz0.324 851, which i s  the  mean of 12 t e r r e s t r i a l  
s tandard measurements.The c o r r e c t i o n s  amounted t o  l e s s  than 1.1 pe rm i l  p e r  
mass u n i t ;  R a y l e i g h y s  law was assumed t o  hold.The ensuing weighted means o f  
t h e  s tandard r a t i o s  a r e  l i s t e d  i n  t h e . t a b l e ;  they agree w i t h i n  the  l i m i t s  o f  
e r r o r  w i t h  t h e  cons ide rab ly  l e s s  p r e c i s e  ones r e p o r t e d  by (8).The e r r o r s  g i ven  
a r e  one s tandard d e v i a t i o n  i n  bo th  cases.The unusua l l y  l a r g e  e r r o r s  i n  the  
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100Ru/ 101Ru and 104Ru/101 Ru ratios are due to occasional compromising 
interferences at masses 100 and 104 for which we have not yet found a re- 
liable and suffiently accurate correction procedure.--For the meteorite 
samples the results are expressed as deviations from the terrestrial stan- 
dard, in units of 10-4.~n no case is there an anomaly in excess of two stan- 
dard deviations.The two ratios 98Ru/101Ru and 99Ru/101Ru where there4might 
have been a radiogenic anomaly are normal to within 8x10-4 and 2x10- , re- 
spectively.Apparently, the contribution to the abundance of 98Ru and 99Ru 
from heir radioactive isobars has been the same to within 8x10'~ and 
2 ~ 1 0 - ~ ,  respectively, in terrestrial ruthenium and in the meteoritic ru- 
thenium analysed so far. 

* 
The ratios of (8) are the "less perturbed" ones; they have been renormal- 
ized and corrected for fractionation to make them comparable with the 
ones obtained in this study. 
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