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Abstract: Solar He, Ne and Ar in Fe-Ni separates from the chondrites Fayetteville and Acfer l l l  
were analysed by closed system stepped oxidation. HelAr and NelAr ratios are quite constant close to 
present day solar wind (SW) values, particularly in the first -70% of the gas release. Thus, metal retains 
SW noble gases without noticeable element fractionation. In this respect, Fe-Ni differs from lunar ilmenites 
where HdAr and NelAr ratios in the first steps of closed system stepped etching runs are several times 
below SW values. Unlike the element ratios, the isotopic composition of the solar Ne shows the same 
pattern in ilmenite and metal: Unfractionated SW (20-Nel22-Ne = 13.9k0.1) is released in the first steps, 
essentially pure SEP (20-Nel22-Ne = 11.2k0.2) in the final steps. Nominally, SEP-Ne contributes 3040% 
to the total Ne. Such a large fraction seems to require loss of SW by a non-fractionating process. 

Introduction: All major minerals in lunar soils, including ilmenite, lost part of their light solar noble 
gases. This is manifested by the 4-Hel36-Ar and 20-Nel36-Ar ratios in the first steps of closed system 
stepped etching runs, which are several times below SW values (1). We have thus extended our search 
for elementally unfractionated solar noble gases to Fe-Ni separates from solar gas bearing chondrites (2). 
As in previous experiments, we separate SW noble gases from the more deeply implanted solar energetic 
particles (SEP) by a closed system stepped etching/oxidation technique. We studied two separates from 
the Fayetteville H48 fall and one from the slightly weathered Acferl l l  H38  find. The samples (several 
hundred mg each) were oxidised with increasingly strong copper chloride solutions (21, which selectively 
attack metal. The first Fayetteville sample (FayettevilleW) contained about 10 vol. % of attached silicates. 
Presumably, later steps contain also some SW gas from the silicates. We therefore discard here the 
element ratios of this sample. Samples Fayetteville100 and Acferl l l  contained less than 2% and 5% 
silicate impurities, respectively. Total trapped 36-Ar concentrations are [in 10E-8 ccSTPIg1: 15.7 
(FayettevilleW); 1 2.9 (Fayetteville100); 3.9 (Aderl 1 1). 

Element ratios: 4-He/%-Ar and 20-Nd%-Ar are shown in Fig. 1. Values of individual steps (given 
for Fayettevillel 00 only) scatter somewhat but the smoothed ratios are rather constant over about the first 
two thirds of the gas release at values close to those of the present-day solar wind (SWC, ref. 3). Pedroni 
(4) found similarly constant element ratios close to SWC in a stepped etch run of a metal-enriched Aderl11 
sample. Thus, chondritic metal shows little or no element fractionation even in the first etch steps, contrary 
to lunar ilmenites. Later in the runs, the element ratios in Fig. 1 first increase above SWC and finally 
decrease again mostly to values below SWC. This pattern is unlike that of ilmenites and pyroxenes. Pedroni 
and Begemann (5) observed similar variations in 4-Hel20-Ne in Acfer l l l  and explained this by a larger 
average implantation depth of Ne compared to He. This seems possible since metal grains in the SEP 
depth region may be attacked more 'onion-shell-like" than silicate minerals, for which possibly different 
implantation depths may be smeared out by inhomogeneous etching. We do not believe that the SEP 
component is depleted in He and Ne relative to the SW composition. Very low 4-He/20-Ne ratios in the 
highest temperature steps of pulse heating runs of lunar ilrnenites (6) result in our view from preferential 
diffusive release of He in lower temperature steps. 

lsotope ratios: The data points of all three runs display similar patterns in the Ne three-isotope 
diagram (Fig. 2). Steps near the start of a run show a Ne composition close to SW values (1) determined 
from lunar ilmenite (except Fayettevillel 00, see below). Heavier Ne is released with progressive oxidation, 
whereby all runs show an excursion towards cosmogenic Ne in intermediate steps. The data of the last 
steps plot close to the SEP point deduced from lunar ilmenite (1). The somewhat low initial 20-Nel22-Ne 
ratio in Fayetteville100 of 13.3 is probably due to a partial loss of SW gas caused by the harsh mechanical 
treatment of this sample, which was necessary to reduce silicate contamination. The steps rich in 
cosmogenic gas indicate the complete dissolution of one phase, presumably taenite. 
In summary, the metal samples show a nearly unfractionated element abundance pattern and yet display 
the same twocomponent structure of solar Ne that was observed in all previous etch studies of solar gas 
bearing samples: SW-Ne is released first, followed by isotopically heavier SEP-Ne. The extreme 
20-Nd22-Ne ratios of trapped Ne measured here are close to the endmember compositions of SW-Ne and 
SEP-Ne, respectively, as deduced from lunar ilmenites. He and Ar also consist of the two solar components 
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SW (2) and SEP, but no precise compositions of SEP-He and SEP-Ar can be given. 
Abundance of SEP-Ne: The relative fractions of the two solar components can be calculated if we 

assume both to have the same (unfractionated) isotopic composition in each step [20-Nel22-Ne: 13.8 (SW); 
11.2 (SEPII. The nominal SEP contributions of 30-40% in our metal samples are comparable to those in 
Acfer l l l  (7) and also to those deduced for lunar ilmenites (1). SEP fractions of this order are much higher 
than reasonable expectations of the ratio of the flux of SW ions to that of higher energy solar particles (8). 
For lunar samples, this was (partly) explained by diffusive loss of SW-Ne (e. g. 1) and diffusive redistribution 
of SW-Ne into the grain interior (9). However, these explanations are inconsistent with the flat element ratio 
pattern of the metal samples. On the other hand, several processes can be invoked that would lead to a 
non-fractionating preferential loss of the surface sited SW gases: ion-sputtering, "micro-flaking" (lo), surface 
abrasion and grain-boundary melting during lithification (7). SW gases may also be inefficiently trapped, 
either due to a low sticking probability or a very thin surface coating e. g. by small dust grains. 
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Fig. 1: Trapped 4-Hel36-Ar and 
20-Nel36-Ar versus cumulative fraction of 
36-Ar released. For FayettevillelOO data of 
individual steps (thin line) as well as 
smoothed values (average of 4 steps, thick 
solid line) are shown, dotted lines give loom : 
ratios averaged over 3 steps for Acferll 1. 
A portion of data of FayettevillelOO given 
by dashed line is highly uncertain due to 
analytical problems. In the first part of the 
runs, element ratios are close to those in 
present day solar wind (SWC, ref. 3). This 
indicates that SW in metal shows no I , I .  I I I I .  

element fractionation, in contrast to lunar 0.0 0.2 0.4 0.6 0.8 1 .o 
ilmenites. %A'- 

Fig. 2: Ne threeisotope diagram. For 
14 FayettevilleW only the first ten steps are 

given. SW and SEP points are those 
determined in relatively recently irradiated 

13 lunar ilmenite 71501 (1). The most extreme 
trapped Ne compositions measured in 
metal samples of both meteorites are very 
close to the ilmenite endmembers. Steps 
with large amounts of cosmogenic Ne 
probably indicate complete dissolution of ,, 
taenite. Small symbols represent the last 
three steps of FayettevillelOO which are 
contaminated by atmospheric Ne because 
they lasted very long and contained little 0.00 0.05 0.10 0.15 0.20 
gas. " ~ e / 2 2 ~ e  
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