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The interaction of cosmic rays with meteorites has been a 
matter of considerable interest ever since it was shown by Paneth and co- 
workers that the He contained in iron meteorites is not the a-decay 
product of U and Th but rather a reaction product of the cosmic radiation 
[ll. Models have been developed and measurements have been performed with 
the aim to deduce information about the past and present intensity of the 
cosmic radiation [2-51 and the history of meteoroids and meteorites [6-81. 
In these models distinction is made between high-energy primary cosmic 
rays and a secondary or tertiary component of much lower energy where 
neutrons are the most important nuclear-active particles. 

Agreement between model predictions and experimental results is 
not always satisfactory yet, partly because in stone meteorites in particu- 
lar the effects of chemical composition and of size and depth of burial 
during irradiation are difficult to disentangle. The pragmatic approach 
has, therefore, been to use empirical correlations between hardness-of- 
irradiation indicators and production rates and to take differences in the 
chemical composition into account only insofar as different elements have 
different target properties. This implies the assumption that silicates of 
a given chemical composition follow the same correlation, independent of 
whether they have been irradiated inside stone meteorites or inside iron 
meteorites. We present evidence that this may be an unwarranted oversimpli- 
f ication. 

Fig.1 shows the ratio of the production rates of 3 8 ~ r  from Ca 
to that from FeNi as they have been observed in meteorites with different 
chemical bulk composition [9-131. There is a difference of about a factor 
of two depending on whether the irradiation of the two elements occurred 
in an L-chondrite with 23% FeNi or in a mesosiderite matrix with 60% FeNi. 
As evidenced by the c tent in the metal of radioactive high-energy pro- 
ducts like 3 9 ~ r  and ??Cl , the effect is not one of size of the meteo- 
roids during irradiation in that in mesosiderites the production rate 
P(38~r) rom FeNi were exceptionally low. The metal phase of Bruderheim 
has a 3gC1 activity of 27.0 t 1 dpm/kg [I41 while those of the meso- 
siderites (observed falls only) are 24.9 + 1 (Barea), 23.0 + 1.3 (Lowicz) 
and 23.6 + 2 (Veramin) [Ill. For 3 9 ~ r  the activities are even more equal 
at 24.9 t 1.2 dpm/kg for Bruderheim and 24.5 + 1.7, 24.7 t 1.0, and 31.4 i 
2.5 dpm/kg for Bare Lowicz, and ~eramin, respectively. Since differences 
in high-energy P 1 38ir) can account for only a small part of the 
observed differences 'f n P( 3 8 ~ r )  Ca/~( 3 8 ~ r )  it must be an en- 
hanced flux of low-energy secondary particfzL which is the essential 
reason for the high ratio. Presumably the higher multiplicity for the 
production of secondary particles from high-Z elements like Fe and Ni as 
compared to 0, Mg, and Si is the underlying physical reason. 
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Fig.1: The cosmic-ray in uced 
pro uction rate ratio P(q8Ar)Ca/ 
P( 3iAr IFe depends on the 
FeNi content of the matrix in 
which the irradiation takes 
place. Data from [Ill (mesoside- 
rites) ; [9,10] (chondrites: 
Bruderheim, Elenovka, Otis) and 
[12,131 (eucrites). II~~tll: 
artificial isotropic irradia- 
tion of a 30 c m B  sphere with 
600 MeV protons, sample from 
close to the center ([I61 and 
H.W.Weber, priv. cornm.) 
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The same effect can be seen in another w y a well. Fig.2 shows 
the dependence on chemical composition of the ~$Ne/~lNe ratio which is 
perhaps the most widely used shielding indicator for stone meteorites. 
There is a clear tendency, in both L-chondrites and the silicates from 
stony-iron meteorites, for the ratio to increase with decreasing 
Mg/(Mg+Al+Si) ratio [9,10,111. In addition, however, there is a systematic 
shift to lower ratios observed in the silicates from stony-irons. Almost 
all their data points lie far to the left of those from L-chondrites. 
R cal5ylated for the chemical composition of ordinary chondrites, the 
24Ne/ Ne ratio is around 1.0. 

Silicates in mesosideri how the same increase of the 2 1 ~ e  
production rate with decreasing 5Pie/f1Ne ratio as it is observed in 
chondrites (Fig.3). 23inc~ the downturn, for meteorites of "infinite" size, 
occurs at around Ne/ l ~ e  = 1.0 (rather than at 1.06 which has been 
established as lower l'mit for H-chondrites of "infinite" size [151), the 
absolute values of P($lNe) in silicates from mesosiderites are up to a 
factor of two higher than in chondrites, even if their chemical composi- 
tion is identical. r I I 
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Fig.2: 2 2 ~ e / 2 1 ~ e  ratios in silicates 
from various groups of meteorites. Data 
points are connected when different 
mineral separates from the same meteorite . 
have been analyzed.Data from 19-13,181. 

Fig.3: 2 1 ~ e  production rate in silicates (of chondritic com sit' 
from 2yhondrites and mesosiderites. The solid line shows the 5qNe/iPia 
- p( Ne) correlation of [19]. For small ratios, which 5orrespond to 
large meteoroids! there is no unique re1 tion between P( l ~ e )  and the 
hardness-of -irradiation parameter 2 2 ~  ?lNe. The decrease of 
production rate for the limiting 22Ne/fiNe ratios is obvious from the 
H-chondrite Jil'n [IS] and the mesosiderite Bondoc [ll]. Note, that the 
limiting 22Ne/S1Ne ratio is different for the two classes of 
meteorites; it depends on the chemical~composition of the matrix in which 
the irradiation has taken place. 
References:l. Paneth et al. (1952), GCA 2. 300. 2. Stoenner et al. (19601, 
JGR 65, 3025. 3. Voshage (1962), Z.Naturforschg. GI 422. 4. Fireman and 
Goebel (1970), JGR 2, 2115. 5. Begemann (1972), JGR 77, 3650. 6. Geiss et 
al. (1962), Sp.Sc.Revs. 1, 197. 7. Signer and Nier (1960), JGR 6 5 ,  2947. 
8. Waenke (1966), E'ortschr.chem.Forschg. 2 ,  322. 9. Bochsler et al. 
(1969), Met.Res.,p. 857. 10. Bogard and Cressy (1973), GCA 37, 527. 11. 
Begemann et al. (1976), GCA 40, 353. 12. Hempel et al. (19801, GCA 44, 
539. 13. Freundel et al. (1986), GCA 50, 2663. 14. Begemann and Vilcsek 
(1969), Met.Res.,p. 355. 15. Begemann et al. (1985), EPSL 72, 247. 16. 
Michel et al. (1985), Nucl.Instr.Meth.Phys.Res. u, 61. 17. Iqason and 
Jarosewich (1973), Min.Mag. 39, 204. 18. Megrue (1968), JGR 73, 2027. 19. 
Nishiizumi et al. (1980), EPSL-x, 156. 

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


