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NOBLE GASES I N  M E T A L  AND S I L I C A T E S  OF THE I I E  I R O N  
METEORITE WATSON. L .  schultz and H. W. Weber, 
Max-Planck-Institut fur Chemie, D-6500 Mainz, FRG. 

The IIE iron meteorite Watson belongs to a group of anoma- 
lous irons with silicate inclusions (Netschazvo, Colomera and 
Kodaikanal) that have oxygen isotopic compositions similar to 
H-chondrites 1 .  Watson contains an exceptionally large sili- 
cate inclusion of more than 100 grams with a chemical composi- 
tion close to the bulk composition of H-chondrites if appropri- 
ate amounts of metallic iron and FeS are added. 

We have measured the isotopic composition and concentration 
of He, Ne and Ar in metal and silicates of Watson (Tab.1) in 
order to obtain information on the following points: 
(1) Comparison of cosmogenic nuclides produced in H-chondrites 
and H-chondritic material embedded in FeNi. (2) Further evidence 
for a close relation between Watson and H-chondrites. (3) Study 
of the history of cosmic radiation. (4) Similarities with other 
members of the IIE group. 

The systematics of cosmogenic noble gas nuclides in iron 
meteorites has been summarized by Voshage [2]. The cosmogenic 
nuclide ratios of the metal of Watson follow these correlations 
except that they suggest a 15% deficit of 3-He. Such a deficit 
has been observed in several iron meteorites (e.g.[3]) and is 
explained by loss in space of tritium, a progenitor of 3-He. The 
low 40-Ar concentration of metal excludes a contamination with 
silicates. 

From the concentrations of cosmogenic 3-He, 21-Ne and 38-Ar 
and the chemical composition of the silicate phase, exposure 
ages are calculated [4,5]. These exposure ages are not corrected 
for shielding because the chondritic relationship between 
irradiation hardness and production rate does not hold in iron 
meteorites. This is immediately obvious from the cosmogenic 
22-Ne/21-Ne ratio of 1.039 that is significantly lower than the 
lower limit found to hold for H-chondrites [6]. The low ratio 
reflects an enhanced production of 21-Ne from silicates within 
iron meteorites. This effect has been studied in stony-iron 
meteorites [7,8] and is caused by a higher flux of secondary 
particles in materials composed mainly of elements with higher 
atomic number (like Fe and Ni). 

The mean shielding-uncorrected exposure age of the sili- 
cate phase is about 8 Ma (Tab.1). Using, however, the 3-He/21-Ne 
ratio as shielding indicator and assuming no 3-He deficit in the 
silicates, the 22-Ne/21-Ne ratio corresponding to 3-He/21-Ne 
=4.14 would be 1.08. With this value the exposure age would be 
lower by about IS%, i.e. (7.2 + 1) Ma which is, within the 
limits of error, equal to the 8 Ma exposure age cluster of 
H-chondrites that contains about 45% of all H-chondrites and 
dates the time of a major impact event. The agreement of the 
exposure ages of this cluster and of Watson is another link 
between this iron meteorite and H-chondrites. 
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Calculating the exposure age of the metal phase by using as 
hardness indicator 4-He/21-Ne = 240 + 10 and the corresponding 
production rates of 4-He, 21-Ne, and 38-Ar of Voshage [9] yields 
a minimum exposure age of (10.5 + 0.5) Ma. Note, however, that 
these production rates are derived by utilizing the 40-K-41-K 
exposure ages of iron meteorites that are generally >I00 Ma [9]. 
On the basis of such ages it has been suggested that, compared 
to the present intensity, the intensity of cosmic radiation at 
those times was smaller by about 50%. The application of Vos- 
hage's production rates for an iron meteorite of low exposure 
age will therefore result in values which are about 50% too 
high. Thus, the higher nominal exposure age of the metal as 
compared to that of the silicate inclusion, if confirmed, would 
support the suggested change of the intensity of cosmic rays 
with time. 

The K-Ar-age of the silicate phase of Watson is 3.5 Ga and 
from the radiogenic 4-He an U,Th-He-age of 3.4 Ga is calculated 
(assuming a U-concentration of 12 ppb and U/Th = 3.5). These 
ages can be compared with those of Kodaikanal (K-Ar about 3.4 
Ga [lo]; Rb-Sr about 3.7 Ga [Ill). Also the concentrations of 
their cosmogenic noble gas nuclides in metal are similar [lo], 
suggesting that their exposure ages are comparable. "Having 
gathered these facts, Watsonn [12] and Kodaikanal seem to be 
closely related while all other IIE meteorites with known noble 
gas concentrations have exposure ages which are more typical of 
iron meteorites. 
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Tab.1: Concentation of noble gas isotopes, chemical composition and exposure ages. 
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Silicates 
Metal 

3-He 4-He 20-Ne 21-Ne 22-Ne 36-Ar 38-Ar 40-Ar 
[in E-8 ccSTP/g] 

13.70 1295 2.97 3.31 3.44 .71 .42 9130 
9.23 37 .I38 .I54 ,166 .41 -66 1 
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T(3) T(21) T(38) T([91) 
[in Ma] 

Silicates 

8.2 8.6 8.5 
7.7 

a S i Ca K Fe 
[in wt.%] 

18.4 1.25 22.4 1.92 .21 11.6 [I31 
18.9 1.30 21.9 1.8 .22 12.0 [I41 
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