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Ureilites are unique among the not-so-primitive, achondritic, meteorites 
in that they contain carbon (1) and trapped noble gases (2) in quantities even 
exceeding in some cases those found in the most primitive, carbonaceous, chon- 
drites. Carbon has been found occurring in two forms, as graphite and diamond/ 
lonsdaleite (I), and diamond has been identified as the major host phase of 
the trapped noble gases (2). Here we report noble gas data for bulk samples 
from five more ureilites and residues resistant to HF/HC~ (Hajmah) and HF/ 
HClO4 (ALHA78019) , resp. . 

Elemental abundance ratios. In Fig.1 the new data plot in the field de- 
fined by previous analyses (2). Various bulk fragments demonstrate variations 
within one meteorite on a cm scale, adding to the complexity observed in step- 
wise pyrolysis ( 3 ) .  Even stronger variations were observed in stepwise com- 
bustion of the Hajmah HF/HC~ residue (Fig.2). 

ALHA 78019. This ureilite is a special case, since it does not contain 
diamonds (4). Analyses by WACKER (5) and ourselves (6) demonstrate that it 
nevertheless does contain trapped gases (see also Table 1). X-ray analysis of 
the H F / H C ~ O ~  resistant residue (0.25% of bulk) confirms the absence of dia- 
monds. Combustion of this residue shows that it is essentially free of noble 
gases (Table 1). Since the lines of graphite were observed in x-ray diffract- 
ion, graphite is not the host of the noble gases in this meteorite. They 
rather must reside in a mineralic phase not releasing its gases by combustion 
up to 1000°C or in a phase destroyed by H F / H C ~ ~ ~ .  The combustion analysis of 
bulk sample B2 (Table 1) argues for the second explanation to be correct. 
From comparison with the B1 data obtained using conventional pyrolysis at 
high temperature it appears that essentially all the trapped gases reside in 
combustible phases. Comparison of the release pattern upon combustion with 
that from the HF/HC~ resistant residue from Hajmah (Fig.3) shows the major 
gas release to be at lower temperature (since this is a bulk sample, the 

TABLE 1. Noble gases ( 1 O - ~ C ~ ~ S T P / ~ )  in bulk ureilite samples and acid-resist- 
ant residues from Hajmah (HFJHC~) and ALHA 78019 (HF/HC~O~). Data 
for bulk sample %2 of ALHA 78019 and residue BRll were obtained by 
combustion. The B2 data are preliminary and do not include the Kr 
and Xe 640°C fractions, which were lost. 

sample 3 ~ e  4 ~ e  2 0 ~ e  '~e 3 6 ~ r  84Kr 1 3 2 ~ e  
Y74123-F-I1 14.9 178 8.69 2.06 924 4.30 2.92 
Y74123-11-1 14.6 181 
Y790981-I 25.4 191 
Nilpena T2 11 -2 7 2 
Nilpena 11-1 20.1 456 
Hajmah F-I 2.63 69 
Hajmah F-I1 2.54 -- 
Hajmah F-I11 1.42 -- 
Hajmah F-IV 1.86 -- 
Hajmah 11-1 2.22 54 
Hajmah 11-2-R4 (res, combust.) 1.27 1421 
ALHA 78019-B1 0.086 12 
780 19-B2 (combusted) - - -- 
78019-BRll (res. combusted) -- -- 
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Fig.1.  Elemental abundance r a t i o s  i n  Fig. 2 .  36Ar/132 Xe and 84Kr/132~e 
new analyses ( X )  compared with previous i n  stepwise combustion of Hajmah 
da t a  ( 2 ) .  Bulk samples only. H F / H C ~  residue.  

t 

Fig. 3 ( l e f t )  . Release of 36Ar i n  combust- 

68 - ion of Hajmah res idue  and bulk ALHA78019. 
-~JflflH RES. From the  l a t t e r  4.5% were released i n  a 

820°C preheat ing s t e p  without oxygen. 

second peak a t  higher  temperature may be 
due t o  phases pro tec ted  from d i r e c t  a t t ack  
by oxygen) . While i n  the  Ha jmah residue 
r e l ea se  of trapped gases e s s e n t i a l l y  par- 
a l l e l s  production of C02 from combustion 
of graphi te  and diamond ( these  cannot be 
d is t inguished;  see a l s o  ( 7 ) ) ,  t he  ALBA 

lam 78019 c a r r i e r  r e l ea ses  i t s  gases i n  com- 
Comb.Temp. ( C )  

bust ion a t  T$600°C (except f o r  t h e  app- 
a r e n t l y  protected phases) .  

Is Q t he  hos t  phase? We have repeatedly pointed ou t  t h e  s i m i l a r i t y  of 
t h e  noble gases contained i n  Q and i n  u r e i l i t e s .  Ne-U (6 ,8)  d i f f e r s  from a l l  
o ther  known components of trapped Ne except possibly Q-Ne, which has a sim- 
i l a r ,  but  i l l -de f ined  r a t i o  2 0 ~ e / 2 2 ~ e  ( 9 ) .  Other s i m i l a r i t i e s  l i e  i n  the  e l e -  
mental abundance p a t t e r n  and the  i so top ic  composition of trapped Xe and poss- 
i b l y  carbon (10 ) .  Release of noble gases by combustion a t  T4600°C and solu- 
b i l i t y  i n  H F / H C ~ O ~  is  observed f o r  Q a s  wel l  ( l l ) ,  and hence Q may be the  
hos t  phase of t he  trapped gases i n  A~HA78019. On the  o the r  hand, i f  Q i s  a 
surface phenomenon r a t h e r  than a s p e c i f i c  phase (121, t h i s  s i m i l a r i t y  may 
merely ind ica t e  t h a t  t he  same process was responsible  f o r  noble gas t rapping 
i n  chondri tes  and u r e i l i t e s .  Whether a Q phase has acted a s  a precursor  hos t  
i n  the  case of t he  o ther  u r e i l i t e s ,  o r  whether it i s  a c t u a l l y  present  (being 
protected by diamond from chemical a t t ack )  i s  no t  c l e a r  from these  da t a .  

References: (1)Vdovykin G.P.(1970) Space Sci.Rev. 10, 483. (2)Gabel R .  
e t  a1. (1978) J G R  83, 855. (3)GGbel R .  e t  a1. (1977) ~ e t e o r i t i c s  12, 238. (4) 
Berkley J . L .  and Jones J . H .  (1982) PLPSC 13, JGR 87, A353. ( 5 ) ~ a x e r  J.F. 
(1984) Meteori t ics  19, i n  press .  (6 )Ot t  U .  e t  a171984) Meteori t ics  19, i n  
press .  (7) Grady ~.~.et a1. (1982) LPS X I I I ,  279. (8 )Ot t  U. e t  a1. ( 1 9 z )  Proc. 
' I so topic  Rat ios  i n  t he  Solar  System', P a r i s ,  i n  press .  (9)Alaer t s  L.  e t  a l .  
(1979) GCA 43, 1421. (10)Ot t  U .  e t  a1.(1984) GCA 48, 267. (11)Frick U.  and 
Pepin R.0. (1981) EPSL 56, 45. (12) Zadnik M.G. e t  a c ( 1 9 8 4 )  subm. t o  GCA. - 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


